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Tltk  Council  have  much  pleasure  in  being  able  to  report  that  for  the 
„rst  time  for  five  years  there  has  been  a  substantial  increase  in  the 
number  of  members,  and  that  in  the  thirty-first  year  of  its  existence  the 
Institute  is  in  a  well  established  and  prosperous  condition.  One  of 
the  subjects  that  the  Couneil  congratulate  the  members  upon,  is  the 
constant  variable  additions  which  are  being  made  to  the  Library.  The 
shelves  are  now  full  of  books  which  are  of  great  service  to  the  members, 
and  it  will  shortly  be  the  duty  of  the  Council  to  provide  book-shelves 
for  the  constant  increase  in  the  works  which  are  being  received  from 
Foreign  Exchanges  and  by  purchase. 

The  year  which  has  passed  has  been  exceptionally  interesting  to  the 
members,  inasmuch  as  they  had  opportunity  of  making  two  very  enter- 
taining excuixious;  one  at  the  invitation  of  Sir  Edward  Watkin  to  visit 
the  Channel  Tunnel  works  at  Dover,  when,  through  the  kindness  of  that 
gentleman,  they  were  supplied  with  free  railway  passes  from  their  several 
habitations  to  Dover  and  back.  The  trip  was  a  most  enjoyable  one, 
upwards  of  120  gentlemen  availing  themselves  of  this  opportunity  to  see 
the  Tunnel,  and  the  amount  of  information  gained  by  an  inspection  of 
the  works  was  very  great.  The  "  Boring  Machine,"  by  Colonels  Beau- 
mont and  English,  and  the  "  Air  Locomotive/*  by  Colonel  Beaumont, 
which  were  set  at  work  by  the  permission  of  the  Board  of  Trade  for  the 
occasion,  enabled  the  members  to  form  a  pretty  correct  idea  of  the  facilities 
winch  could  be  afforded  by  these  powerful  maehines  in  the  construction 
of  the  Tunnel  when  the  time  arrives  for  practically  pursuing  this 
interesting  work. 

The  second  visit  the  Institute  made  was  to  Barrow-in-Furness,  through 
invitation  of  Mr.  J.  T.  Smith  and  the  Directors  of  the  "  Barrow 
aematite  Steel  Company,  Limited."  About  130  members  availed  them- 
*tgs  of  the  invitation,  and  were  received  with  great  hospitality,  and 
the  whole  of  the  mining  and  manufacturing  industries  of  the  district  were 
thrown  open  to  their  inspection. 

b 


The  papers  road  before  the  Institute  havclx?en  above  the  usual  calibre. 
One  on  the  "Channel  Tunnel,"  by  Iff-  Charles  Tylden-Wright,  con- 
tains much  valuable  geologies]  information,  in  addition  to  a  very  in- 
teresting description  of  the  maehiucry  which  has  been  specially  invented 
to  make  the  borings, 

Mr.  Charles  Parkin  contributed  a  very  valuable  paper  on  the 
"Mineral  Resources  of  the  Rosedale  Abbey  District/'  and  Mr.  J.  H. 
firant  one  on  the  "  Daltonganj  Coal-field  of  India."  The  most  intercfiting 
geological  paper  that  has  been  received  is  one  from  Mr.  J.  D.  Kendall, 
on  the  *' Structure  of  the  Cumberland  Coal-field,"  the  illustrations  being 
exceedingly  well  delineated,  Mr,  Charles  Hunting,  who  bus  devoted  a 
considerable  amount  of  bis  time  to  the  study  of  the  most  economical  mode 
of  feeding  and  managing  horses,  and  had  great  experience  in  carrying  out 
the  results  of  bis  research  in  the  collieries  of  the  North  of  England, 
contributed  a  most  interesting  and  exhaustive  paper  on  "The  Feeding 
and  Management  of  Colliery  Horses."  This  paper,  together  with  the  dis- 
cussion which  took  place  upon  it,  forms  a  most  valuable  addition  to 
the  Transactions.  Mr.  (Jrcsley  contributed  a  paper  on  "Two  Systems 
of  Working  the  Main  Coal  at  Moira,  Leicestershire.*1 

Papers  also  have  been  rend  on  the  more  mechanical  departments  of 
colliery  management;  by  Mr  W.J.  Bird,  on  "  Non-conducting  Coverings 
for  Boilers  and  Steam-pipes/'  and  by  Mr.  Bowlker,  on  a  u  New  Ventilating 
Fan;"  and  this  division  has  further  been  very  interestingly  augmented 
by  the  valuable  paper  of  Mr.  Marten,  on  the  "  Explosions  of  Boilers 
and  other  Vessel*.*' 

A  purely  mathematical  paper  by  Profcs^r  Aldis.  on  "The  Internal 
Stress  of  Cylindrical  and  Spherical  Dams"  has  also  been  printed,  which 
will  afford,  no  doubt,  reliable  data  to  enable  the  members  to  construct 
these  important  erections. 

One  of  the  most  interesting  papers  read  before  the  Institute  this  year, 
is  the  one  read  by  Mr.  Vincent  W.  Corbett,  "On  Water-gauge,  Barometer, 
and  other  Observations  taken  at  Seaham  Colliery  during  the  time  the 
Maudlin  Scam  was  sealed  up,"  It  is  illustrated  by  no  less  than  seventy- 
one  diagrams  of  great  complexity,  taken  from  the  original  drawings. 


It  will  1)0  seen  from  last  year's  Report  that  the  income  of  the 
Institute  at  the  close  of  the  year  1881-82  amounted  to  £2,170  i)s.  10d„ 
and  it  was  stated  that  this  had  been,  financially,  the  moat  successful  year 
of  the  Institute;  it  was  shown,  however,  that  a  part  of  this  increase  was 
accounted  for  by  the  third  half-yearly  dividend  of  £107  4s,  Od,  having 
l>een  paid  to  the  Institute,  through  the  Directors  of  the  "Institute  and 
Cool  Trade  Chambers  Company,  Limited,"  paying  their  dividends  half- 
yearly  instead  of  yearly. 

The  income  of  the  past  year  has  been  £l/>70  Is.  Id.,  or  £200  8s.  l)d. 
less  than  the  preceding  year;  this  is  partly  accounted  for,  as  explained 
alujve,  by  the  extra  half-yearly  dividend  obtained  last  year,  by  a  decrease 
of  £40  1 7&.  Od.  in  the  amount  of  the  subscriptions  obtained  this  year,  and  a 
'eoreaseof  £84  J  2s.  5d,  in  the  sale  of  the  Transactions.  There  has  been 
an  increase  of  14  in  the  number  of  members,  and  the  amount  of  arrears  is 
slightly  less,  being  £431  lis.  0d.f  as  against  £403  10s.  Od.  of  last  year. 
It  is  to  be  regretted  that  the  amount  of  arrears  continues  to  form  so  large 
ft  feature  in  the  Balance  Sheet,  ami  notwithstanding  the  efforts  that  are 
made  to  gather  in  the  subscriptions,  it  seems  impossible  over  materially 
to  diminish  the  amount* 

The  income,  however,  has  exceeded  the  expenditure  by  £157  Os.  lid., 
and  the  Committee  have  to  report  that  the  year,  financially  speaking,  has 
been  a  fairly  average  one,  and  that  the  finances  of  the  Institute  are  in 
a  highly  satisfactory  state. 

WM.  COCHRANE. 
JOHN  DAGL18H- 


AWARDS  FOR  PAPERS  WHICH  HAVE  APPEARED  IN  THE 
TRANSACTIONS  OF  THE  INSTITUTE. 


TrfE  Council  having,  in  October,  IH72,  decided  to  recommend  that  prizes 
of  books  not  exceeding  £o0  in  value  should  be  awarded  and  apportioned 
to  the  writers  of  such  papers  printed  in  the  Transactions  as  the  Council 
should  decide,  and  this  recommendation  having  been  approved  by  a 
General  Meeting  of  the  members,  and  awards  made  at  various  times  by  a 
Committee  appointed  for  the  purpose,  the  Secretary  was  requested  by  the 
Council  to  report  on  the  proceedings  and  present,  position  of  the  Com- 
mittee, and  to  furnish  an  account  of  all  sums  which  had  lieen  awarded  by 
them,  and  he  presented  the  following  Report,  which  was  ordered  to  be 
printed,  and  it  was  decided  that  the  particulars  of  suUseijuent  awards 
should  be  published  each  year : — 


To  the  Council  of  tub  North  of  Fm;land  Ikstitltk  of  Mining 
and  Mechanical  Engineers. 

GENTLEMEN— As  desired  by  the  Council,  I  produce  a  list  of  all  the 
prizes  awarded  by  the  several  Committees  appointed  for  that  purpose 
from  the  commencement  of  the  grant. 

The  hist  Committee  waa  nominated  on  the  2?r>th  March,  ;md 
was  charjred  with  the  distribution  "f  prizes  fur  papers  which  apjKraretl  in 
Vols.  XXIX  and  XXX.,  and  it  docs  not  seem  to  be  within  its  province  to 
extend  Hi  labours.  At  present  there  is  only  one  volume  winch  lias  not 
ocen  adjudicated  upon,  and  that  is  Vol  XXXI.,  as  XXX 1 1.  is  not  yet 
completed. 

THEO.  WOOD  KUNNINt;, 

^tirtnber  t9fh,  JsVf. 
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A  Description  of  a  Winding  Engine  with 

Self-acting  Variable  Expansion 
On  the  Harkess  Rocks,  near  Bam  burgh 

On  Cooke's  Ventilating  Muchine 

On  the  Advantages  of  Centrifugal-action  Ma> 
cbiues  for  the  Ventilation  of  Mines 


VOLUME  XXVI I. 


T.  L.  Galloway  and  C  7, 

Bum  lint: 
J.  II.  Sim^uik 


U.  Hums  ... 
W.  Saise 

W.  Harlc  ... 
C  Parkin  ... 
H.  Laporte 
T.  L-  Galloway 

K.  Gilpin  .„ 
E.  H.  Liveing 


A  Description  of  an  Instrument  for  Levelling 

Underground  ... 
An  Account  of  the  Condition  of  the  Mining 

Industries  of  Prussia  in  the  Year  1875 
On  the  Intrusion  of  the  Whin  Sill  

Note*  on  the  Geology  of  the  Bristol  Coal -field, 
with  Kpccial  reference  to  the  Gloucestershire 
Basin  ,  

On  In creased  Kcoiuuny  in  the  Manufacture  <>f 
Coke  by  Mechanical  Means... 

On  the  Perron  Iron  Lode  in  Cornwall  and  the 
Mines  in  the  District 

A  Geological  Sketch  of  the  Northern  Conl- 
field  of  France 

On  the  Present  Condition  of  Mining  in  some 
of  the  Principal  Coal -producing  Districts 
of  the  Continent     ...  ...   

On  Canadian  Coals :  their  Composition  and 
Uses  

On  a  New  Method  of  Detecting  very  Small 
Quantities  of  Inflammable  Gas,  and  of 
Estimating  the  Proportion  Present  .„ 


(xii) 


VOLUME  XXVIII. 

Nsme. 

Title  of  Paper. 

A.  R.  Sawyer   

A.  F.  Marrcco  and  D.  P. 

Mori  son 
J.  I).  Kendall   

J.  Pease  

On  Mining  at  Saarbrucken,  with  an  Account 
of  the  Structure  of  the  Coal-field  

An  Account  of  some  Recent  Experiments  with 
Coal  Dust   

On  the  Horaiatite  Deposits  of  West  Cumber- 
land   

On  a  New  Method  of  Rope  Haulage  

£   s.  d. 

3  0  0 

4  0  0 

5  0  0 
10  0 

13   0  0 

VOLUME  XXIX. 

James  Ash  worth  

E.  P.  Rathbone  

W.  Logan  

On  Improved  Safety-lamps  of  the  Davy  and 

Mtteseler  Types   

L tiling's  Method  of  Coal-washing   

On  Safety-hooks   

2  0  0 

3  0  0 

3   0  0 

8   0  0 

VOLUME  XXX. 

Dr.  Saise  

E.  Oilpin  

D.  P.  Morison   

C.  Parkin  

L.Wood  

C.  S.  Lindsay     ...  } 

E.  H.  Liveing    ...  ) 

On  the  Kurhurballee  Coal-field,  with  some 

Remarks  on  Iudian  Coal   

Ou  the  Gypsum  of  Nova  Scotia   

On  Boiler  Accidents  and  their  Prevention 

(Part  IV.)   

Ou  the  Treatment  of  Ores   

On  Experiments  showing  the  Pressure  of  Gas 
in  the  Solid  Coal   

Report  on  Mechanical  Ventilators    ...  | 

% 

3   0  0 
2   0  0 

5   0  0 
2   0  0 

5   0  0 
5   0  0 

5   0  0 

27   0  0 

(xiii) 


TOTAL  AMOUNT  EXPENDED. 


£ 

■ 

d. 

Volume  XXII  

  23 

0 

0 

*$ 

XXIII  

  44 

0 

0 

n 

XXIV  

  53 

0 

0 

f? 

XXV  

  36 

0 

0 

i» 

XXVI  

  16 

2 

0 

»» 

XXVII  

  21 

0 

0 

•* 

XXVIII  

  13 

0 

0 

XXIX  

  8 

0 

0 

•» 

XXX  

  27 

0 

0 

£243 

2 

0 

c 


ADVERTISEMENT. 


Tire  Institute  is  not,  as  a  body,  responsible  for  the  facts  and  opinions 
advanced  in  the  Papers  read,  and  in  the  Abstracts  of  the  Conversations 
which  occurred  at  the  Meetings  during  the  Session. 


Dr. 


(xvi) 

THE  TREASURER  IN  ACCOUNT 


£     s.  d. 

To  560  Original  Members,  as  per  List  1882-83. 
10  of  which  are  Life  Members. 

650  @  £2  2s   1,155   0  0 


To   26  Ordinary  Members,  as  per  List  1882-83. 

1  of  which  is  a  Life  Member. 

25  1  at  £2  2s.,  and  24  @  £3  3s   77  14  0 

To   83  Associate  Members,  as  per  List  1882-83. 

2  of  which  are  Life  Members. 

81  @  £2  2s   170   2  0 


To  115  Students  as  per  List  1882-83  @  £1  Is   119  14  0 

1  having  paid  as  an  Associate  Life  Member    20   0  0 

114 


To   16  Subscribing  Collieries   8400 

To     7  New  Ordinary  Members  @  £3  3s   22    1  0 


To   32  New  Associate  Members. 

2  Having  paid  as  Life  Members   400  0 

30  @  £2  2s   63   0  0 


To   13  New  Students  @  £1  Is.    13  13  0 


1,765   4  0 

To  Arrears,  as  per  last  Balance  Sheet  £493  10  0 

Deduct- 
To  Irrecoverable  Arrears  not  inserted  in  1882-83  List  (Dead, 

Resigned,  etc.)    235    4  0 

  258   6  0 

To  Arrears  considered  as  Irrecoverable  but  since  paid    19  19  0 

Audited  and  Certified, 

JOHN  G.  BENSON, 

Newcastle-upon-Tyne,  Chartkbed  Accountant.  

3rd  August,  1883.  £2,043   9  0 


(xvii) 

WITH  SUBSCRIPTIONS,  1882-83. 


Cr. 


PAID.  UNPAID. 

£    s.  d.   £     s.  d. 


Hy  474  Unginal  Members  paid... 

995  8 

0 

isy   bo            no.  unpaia 

i  oo  a 
loz  o 

u 

By     4            Do.         dead,  unpaid 

8  8 

0 

By     3            Do.         resigned,  unpaid  

6  6 

0 

By     5            Do.         gone,  no  address  

10  10 

0 

uy     l            l/o.         strucK  on  ... 

u 

550 

By   19  Ordinary  Members  paid   

59  17 

0 

By     5            Do.         unpaid,  1  @  £2  2s.,  and  4  @  £3  3s. 

14  14 

0 

By     1            Do.         resigned,  unpaid  

3  8 

0 

25 

By   68  Associate  Members  paid   

142  16 

0 

By   11            Do.  unpaid   

23  2 

0 

By     1            Do.           dead,  unpaid   

2  2 

0 

By     1            Do.           gone,  no  address  

2  2 

0 

81 

By     1  Student  paid  as  Associate  Life  Member   

20  0 

0 

By   88  Students  paid  

92  8 

0 

By   19     Do.  unpaid    

19  19 

0 

By     3     Do.     resigned,  unpaid  ... 

3  3 

0 

By     3     Do.     gone,  no  address   

3  3 

0 

By     1     Do.     struck  off   

1  1 

0 

114 

By   14  Subscribing  Collieries  paid 

71  o 

u 

By     1                Do.            unpaid  ... 

10  10 

0 

By     1                Do.            struck  off 

2  2 

0 

16 

By     7  New  Ordinary  Members  paid  

22  1 

0 

By     2  New  Associate  Members  paid  as  Life  Members 

40  0 

o 

By   27               Do.  paid  

56  14 

0 

By     3               Do.  unpaid   

6  6 

0 

30 

By    12  New  Students  paid   

12  12 

0 

By     1        Do.        unpaid   ...  ...   

1  1 

0 

13 

1,513  4 

0 

252  0 

0 

By  Members'  Arrears     

70  7 

0 

171  3 

0 

By  Students'  Do    

8  8 

0 

8  8 

0 

By  Arrears  considered  as  Irrecoverable  but  since  paid 

19  19 

0 

1,611  18 

0 

431  11 

0 

1,611  18 

0 

£2,013   9  0 


(xviii) 


TREASURER  IN  ACCOUNT  WITH  THE  NORTH  OP  ENGLAND 

Dr.  For  the  Year  ending 


To  Balance  at  Bankers  

To  Dividend  of  8  per  cent,  on  134  Shares  of  £20  each,  Institute  and  Coal 

Trade  Chambers  Company,  Limited  «=•  £2,680   

To  Rent  of  College  Class  Rooms,  less  Borough  Rates   

To  Literary  and  Philosophical  Society  (Wood  Memorial  Hall) 
To  Interest  on  Investment  with  River  Tyne  Commissioners 
To  Wood  Memorial  Hall   


To  Subscriptions  for  18821 


To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To 

Do. 

do. 

To  Subscribing  Collieries  :- 

Ashington 

Birtley  Iron  Co.   . . . 

Has  well 

Hetton 

Lambton  ... 

Londonderry 

North  Hetton 

Ryhope 

SeghiU  ... 

South  Hetton 

Stella 

Throckley  ... 

Victoria  Garesfield 
Wearmouth 


To  Members'  Arrears   

To  Students'  do  

To  Arrears  considered  as  Irrecoverable  but  since  paid 

To  Sale  of  Publications,  per  A.  Reid  

Less  10  per  cent.  Commission   

To  Sale  of  Publications,  per  Secretary   


I  from  474  Original  Members  ...  £995   8  0 

19  Ordinary  Members         ...  59  17  0 

68  Associate  Members         ...  142  16  0 

88  Students    92   8  0 

1  do.  paid  as  Member ...  20  0  0 
7  New  Ordinary  Members  ...  22   1  0 

27  New  Associate  Members  ...  56  14  0 

2  New  Life  Members        ...  40   0  0 
12  New  Students    12  12  0 

  £2  2 

  6  6 

  4  4 

  10  10 

  10  10 

  10  10 

  6  6 


71  8 

0 

1,513  4 

0 

70  7 

0 

8  8 

0 

19  19 

0 

44  12 

6 

4  9 

3 

40  3 

3 

3  8 

0 

£  8. 

537  16 

214  8 
52  7 
8  10 
38  18 
8 

852   7  10 


1,611  18  0 


43  11  3 


£2,507  17  1 


(xix) 


INSTITUTE  OF  MINING  AND  MECHANICAL  ENGINEERS. 
Jmlg,  1883.  Cb. 


£   s.   d.      £  s.  d. 

Bj  Balance  due  Treasurer   

34  16  5 

Bj  Paid  A.  Reid,  Publishing^ Account  

...     662  16  8 

Bj  Do. 

Covers  for  Parts  and  Stitching 

7   1  10 

By  Do. 

Binding  and  Sewing  Volumes 

25  12  0 

Bj  Do. 

Postage   

46   8  8 

Bj  Do. 

Stationery  and  Circulars   

...     144  19  1 

Bj  Do. 

Library   

37   5  11 

By  other  Printing  and  Stationery   

By  Secretary's  Incidental  Expenses  and  Postage 

By  Sundry  Accounts   

By  Travelling  Expenses  and  Expenses  of  Meetings  at  Dover 

and  Barrow   

By  Secretary's  Salary    ^   

By  Assistant's  Do  

By  Reporter's  Do  

By  Payments  on  Account  of  Furnishing   

By  Rent  *  

By  Rates  and  Taxes   

By  Fire  Insurance   

By  Water,  Coals,  and  Gas   

By  Subscription  to  Natural  History  Society  

Bj  Books  for  Library  in  addition  to  amount  paid  A.  Reid 

By  Awards  for  Papers  

By  Abstracts  of  Foreign  Papers   

By  Balance  at  Bankers  

By  Balance  in  hand*  of  Treasurer   


668  3  9 
27    2  2 


824   4  2 

14  0 

185  17  8 

19  12  8 


60  5 
300  0 
75  0 
12  12 

8  2 
72  19  2 
12   3  9 

9  0  6 
22  10  1 
20  0  0 
68  12  2 

4  17  0 
74   7  9 

1,812  11  2 


695   5  11 


Audited  and  Certified, 

JOHN  G.  BENSON, 

Chartered  AccorxTAXT. 


Newcastle-upon-Tyne, 


3rd  August,  1883.  £2,507  17  1 


(xviii) 


TREASURER  IN  ACCOUNT  WITH  THE  NORTH  OP  ENGLAND 

Dr.  For  the  Year  ending 


To  Balance  at  Bankers  

To  Dividend  of  8  per  cent,  on  134  Shares  of  £20  each,  Institute  and  Coal 

Trade  Chambers  Company,  Limited  -  £2,680 
To  Rent  of  College  Class  Rooms,  less  Borough  Rates 
To  Literary  and  Philosophical  Society  (Wood  Memorial  Hall) 
To  Interest  on  Investment  with  River  Tyne  Commissioners 
To  Wood  Memorial  Hall   


To  Subscriptions  for  1882-83  from  474  Original  Members 

£995  8 

0 

To            Do.  do. 

19  Ordinary  Members 

59  17 

0 

To            Do.  do. 

68  Associate  Members 

142  16 

0 

To            Do.  do. 

88  Students   

92  8 

0 

To            Do.  do. 

1     do.     paid  as  Member 

20  0 

0 

To            Do.  do. 

7  New  Ordinary  Members 

22  1 

0 

To            Do.  do. 

27  New  Associate  Members 

56  14 

0 

To            Do.  do. 

2  New  Life  Members 

40  0 

0 

To            Do.  do. 

12  New  Students 

12  12 

0 

To  Subscribing  Collieries : — 

Ashington 

  £2  2 

0 

Birtley  Iron  Co.  ... 

  6  6 

0 

Haswcll   

  4  4 

0 

Hetton   

  10  10 

0 

Lambton  

  10  10 

0 

Londonderry 

  10  10 

0 

North  Hetton 

  6  6 

0 

Ryhope   

  4  4 

0 

Seghill   

  2  2 

0 

South  Hetton 

  4  4 

0 

Stella   

  2  2- 

0 

Throckley  

  2  2 

0 

Victoria  Uarcsficld 

  2  2 

0 

Wearmonth 

  4  4 

0 

To  Members*  Arrears   

To  Students*  do.     

To  Arrears  considered  as  Irrecoverable  but  since  i»aid 

To  Sale  of  Publications,  per  A.  Reid  

Less  10  per  cent.  Coinmijwion   

To  Sale  of  Publications,  per  Secretary   


71  8 

0 

1,513  4 

0 

70  7 

0 

8  8 

0 

19  19 

0 

14  12 

6 

4  9 

3 

-10  3 

3 

3  8 

0 

£  a. 
537  16 

214  8 
52  7 
8  10 
38  18 
8 

852   7  10 


1,611  18  O 


43  11  3 
£2,507  17  1 


(xix) 


INSTITUTE  OF  MINING  AND  MECHANICAL  ENGINEERS. 
July,  1883.  Cb. 


£  s. 

d. 

£  8. 

d. 

By  Balance  due  Treasurer 

at  16 

5 

By  Paid  A.  Reid,  Publishing^ Account ... 

562  16 

8 

By         Do.      Covers  for  Parts  and  Stitching 

7  1 

10 

By         Do.      Binding  and  Sewing  Volumes 

25  12 

0 

By         Do.  Postage 

46  8 

8 

By         Do.      Stationery  and  Circulars 

141  19 

1 

By         Do.  Library 

37   5  11 

824  4 

2 

By  other  Printing  and  Stationery   

1  4 

0 

By  Secretary's  Incidental  Expenses  and  Postage   

185  17 

8 

By  Sundry  Accounts   

19  12 

8 

By  Travelling  Expenses  and  Expenses  of  Meetings  at  Dover 

and  Barrow   

60  5 

6 

By  Secretary's  Salary    :  

300  0 

0 

By  Assistant's  Do  

75  0 

0 

By  Reporter's  Do  

12  12 

0 

By  Payments  on  Account  of  Furnishing   

8  2 

4 

By  Rent  '  

72  19 

2 

By  Rates  and  Taxes   

12  3 

9 

By  Fire  Insurance   

9  0 

6 

By  Water,  Coals,  and  Gas   

22  10 

1 

By  Subscription  to  Natural  History  Society  

20  0 

0 

By  Books  for  Library  in  addition  to  amount  paid  A.  Reid  ... 

68  12 

2 

By  Awards  for  Papers  

4  17 

0 

By  Abstracts  of  Foreign  Papers   

74  7 

9 

1,812  11  2 


By  Balance  at  Bankers  

By  Balance  in  hands  of  Treasurer 


668  3  9 
27   2  2 


695   5  11 


Audited  and  Certified, 

JOHN  G.  BENSON, 

Chartered  Accountant. 

Newcastle-upon-Tyne,  ~Z~ZT7Z  7 

3rd  August,  1883.  £2,507  17  1 
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Uatron*. 


Hia  Grace  the  DUKE  OF  NORTHUMBERLAND. 

His  Grace  the  DUKE  OF  CLEVELAND. 

The  Most  Noble  the  MARQUESS  OF  LONDONDERRY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAVENS  WORTH. 

The  Right  Honourable  the  LORD  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq.,  M.P. 


d 


Dononrrj  Hfrmbm. 

  I'i'.-TfP 

Ohio,  Ho*. 

Tin.  Right  Honourable  the  KARL  OF  RAVENS  WORTH          ...  1877 

WILLIAM  ALEXANDER,  Esq.,  Inspector  of  Mines,  Glasgow      ...  1  sil3 

JOSEPH  DICKINSON,  Esq.,  Inspector  of  Mines,  Manchester  ...  1853 
THOMAS  EVANS,  Esq.,  luspector  of  Mines,  Pon-j-Brjn,  Duffield 

Road,  Derby                                                               ,..  1855 

•  II KMC  V  HALL,  Esq.,  Inspector  of  Mine*,  Rainhill,  Frescott        ...  1876 

•  RALPH  MOORE,  Esq.,  Inspector  of  Mines,  Glasgow    1866 

CHARLES  MORTON,  Esq.,  The  Grange.  St.  Paul's,  Southport     ...  1853 

•  THOM  AS  E.  WALES,  Esq.,  Inspector  of  Mines,  Swansea   1856  1866 

•  FRANK  N,  WAR  DELL,  Esq.,  Inspector  of  Mines,  Wath  on-Dcnrne, 

near  Rotherhum    1861  1868 

•  JAMES  WILLIS,  Esq.,  Inspector  <>f  Mitn-j,  li,  lYirtlriml  Ternu.\ 

Xewcaatlc-on-Tjnc    185T  1871 

THOMAS  WYNNE,  Esq.,  Inspector  of  Mines  Manor  House,  Gnosall, 

Stafford    1 853 

WAKINOTON  W.  SMYTH,  Es.|„  28,  Jer.nrn  Street,  London      ...  1869 

The  Very  Rev.  Da.  LAKE,  Dean  of  Durham    1872 

•  |>rof.  G.  S.  BRADY,  M.U.,  F.L.S..  College  of  Physical  Science,  Newc.  1875 

•  „     A*  &  HERSCHEL,  M.A.,  F.R.A.S,        do,            do.     ...  1>72 

•  „     G.  A.  LEBOUR,  M.A.,  F.G.8.                            do.     ...  1873  1879 

•  ,      R  PHILLIPS  BEDSON,  D.Sc.(LoniL)  do.            |fe     ...  1883 
M.  HE  Hi  >!  REU  I  LLK,  Comniatnleur  de  In  Legion  d'Hnnncur,  Con- 

seiller  d'etat,  Inapecteur  Genend  de*  Mines,  Pari*    1853 

l>H.  H.  VON  D ECU  EN,  Berglinnptmaun.  Kilter,  etc.,  Ron-am -Rhine, 

Prussia                ...       ,.,       ,   1853 

M.  THEOPHILE  GUI  HAL,  School  of  Mines  Mors,  Belgium      ...  1870 

M.  E,  VUILLEMIN,  Mine*  d' A  niche  (Nord),  France    1878 


"        1  Omo.  Lim. 

C.  W.  BARTHOLOMEW.  Esq..  Bhfcfldg  Hall,  near  Towecster    ...  1875 

THOS.  HUGH  BELL,  Esq.,  MiddUm^ou -Tee*    ...  1882 

DAVID   BURNS,  Esq.,  C.E.,  C^flfesdale   Rank   Buildings,  Hank 

Street,  Carlisle      ...       ,.,     ,„  1877 

E.  B.  COXE,  Esq.,  Drifton,  Jeddo.  P.O.,  Luzerne  Co.,  Peuiis.,  U.S. ...  1873  1874 

JAMES  S.  DIXON,  Esq.,  170.  Hope  Street,  Glasgow    1878  1880 

ERNEST  HAGUE,  E*jM  Castle  Dyke,  Sheffield    1872  1S7G 

G.  C.  HEWITT,  Esq.,  Coalpit  Heath  Colliery,  near  Bristol   1871  1879 

THOS.  E.  JOBLING,  Esq.,  Bcbside  Colliery,  Cowpcn  L.ine.  Nwth- 

umberland   1876  1882 

HENRY  LA  PORTE,  Esq..  M.E.,  80,  Rne  lloyale,  Brussels   1877 

NATHAN  MILLER,  Esq   "   1878 

H.  J.  MORTON,  Esq.,  L  Royal  Crescent,  Scarborough    1856  1861 

RUDOLPH  NASSE,  Esq.,  Konigl  Borgwerks  Director,  Lou iscii tint, 

Saarbrtiektu  ...    I860  1880 

ARTHUR  PEASE,  Esq.,  M.l\,  Darlington    1882 

W.  A.  POTTER.  Esq.,  Cramlington  House,  Northumberland  ...  1853  187* 
R.  CLIFFORD  SMITH,  Esq.,  Parkneld,  Swinton,  Manchester  ...  1874 
T.  1L  WARD,  Esq,,  Manager.  Kuldiha  Colliery,  Bengal  Coal  Co.* 

Limited,  Giridi,  East  ludian  Railway,  Bengal,  India   1883 

*  Jlotiormrr  Member*  duriti*  term  ut  uflioc  oalj. 


OFFICERS,   1  883-84. 


GEORGE  BARER  FORSTER,  Esq.,  M.A.,  Lesbury,  R.S.O.,  Northumberland, 

WM.  ARMSTRONG,  Esq.,  Felaw  House,  ClM*ter.le-Street. 
JOHN  DAGLISH,  Esq.,  Marsden,  South  Shields. 
THOMAS  DOUGLAS,  Esq.,  Peases'  Went  Collieries,  Darlington* 
JOHN  MARIjEV,  Esq.,  Thornnold,  Darlington, 
J.  B.  SIMPSON,  Esq.,  Hedgetteld  House,  Blay don  -on -Ty  no. 
A*  L.  STEAVENSON,  Esq.,  Durham. 


Council. 

T.  W.  BENSON,  Esq.,  11,  Newgate  Street,  Newcastle-on-Tyne. 
R.  F.  BOYD,  Esq.,  Moor  House,  Leamside,  Fence  Howies. 
WM*  COCHRANE,  Esq.,  Grainger  Street  West,  Newcastte-on-Tyne. 
8.  C.  CRONE,  Est],,  Killingworth  Hall,  NewcasUe-on*Tyne. 
R.  FORSTER,  Esq.,  South  Hetton,  Fence  Houses. 
W.  H,  HEDLEY,  Esq.,  Medoinsley,  Newcastle-on-Tyne. 
THOS,  HEPPELL,  Esq.,  Leafield  House,  CI  ie*tcr-le- Street. 
T.  G.  HHRST,  Esq.,  F.G.3,,  Lander  Grange,  t'orbridge-on-Tyuc. 
H.  LAWRENCE,  Esq.,  Grange  Iron  Works,  Dnrhaiu. 
H.  LAWS,  Enq.,  Grainger  Street  West,  Newcastle- cm -Tync. 
GEO.  MAY,  Esq.,  Hartou  Colliery  Offices,  near  South  Shields. 
E*  8,  NEWALL,  Esq.,  Ferndene,  Gateshead  -on -Ty  no. 
M,  W.  PAttRINGTON,  Esq.,  Wearmouth  Colliery,  Sunderland. 
JL  M,  POTTER,  Esq.,  Shire  Moor  Colliery,  North tmtttriaod 
H.  RICHARDSON,  Esq.,  Backworth  Colliery,  Newcastle-ou-Tyne, 
R,  ROBINSON,  Esq.,  Howlish  Hall,  near  Bishop  Auckland. 
J.  G,  WEEKS,  Esq.,  Bedliugton  Collieries,  UcuTmgton, 
W.  H.  WOOD,  Esq.,  Coxhoc  Hall.  Coxboe,  Durham. 

Sir  GEORGE  ELLIOT,  Bart.,  M.P.,  Houghton  Hall,  Fence  s 
Houses. 

E.  F.  BOYD,  Esq.,  Moor  House,  Leamside,  Fence  Houses. 
SOW,  G.  ARMSTRONG,  C.U.,  LL.D.,  F.U.S.,  JesmmidA  Past 
Neweastle-on-Tyne.  [  Presidents, 

tfTWo  J  LINDSAY  WOOD,  Esq.,  Southill,  Chester- le- Street. 

G.  a  GREENWELL,  Esq.,  F.G.S.,  Elm  Tree  Lodge,  Duffiehl.  j 
Derby. 

CUTHBERT  BERKLEY,  Esq.,  MarLey  Hill,  Gateshead.  I  Retiring  Vice- 
T.  J.  BEWICK,  Esq.,  Haydon  Bridge,  Northumberland,  f  Presidents. 

THEO.  WOOD  RUNNING,  Neville  Hall.  Newcastlo-oaa-Tjne, 


AUGUST,  1883. 


Mwkcil  fl  «re  Life  MojuWi. 

1  Ai»aH3,  0-  V.,  Onilfl  Hull  Chambers,  Cardiff  Dec.  6,  1873 

2  At'Atts.  W.,  Cambridge  Honsc,  Park  Hace,  Cardiff    18S4 

3  taAM40*>  DaMKI*,  Kng-ii leering  Works,  Dukinliehl,  u^ir  Manchester  Aug,  7,  1875 

4  AiTKtx,  If  *n-ry,  Falkirk,  N.B  Mar.  2,  1865 

6  Allisox,  T.,  Helinont  Mine*,  GuUbro*  ,„       ...  ...  Feb.  1.  lftfiH 

6  AJfI>KK*oX,  C-  W.,  Cleadon  House.  Harn>gate     ,    .  .  Aug\  21,  1863 

7  AndMASON,  William,  Raiutnu  Colliery.  Fence  Houses   Aug,  21,  1852 

8  A*I>K*W8»  HlTGH,  Feltou  Park,  Feltou,  Northumberland   Oct  6, 1878 

9  AprhKn\\  C.  B.,  Charing  Cross  Chamlicrs,  Duke  St..  Adclphi,  London  Aug,  1,  1W>1 
ID  AkCHKR,T.,  Houston  Kti«iue  Works,  <tatc«head   July  2,  1872 

11  AitMSTJiOXO,  Sir  W.  Q.t  C.B.,  LL.l).,  F.R.S.,  Jestnoml,  Newcastle- 

upon-Tyne   (Past  PhE^idknt,  Member  of  Cornier'/)  May  3,  1866 

12  AJWrno^iJ,  WM-»  I'ebiw  House,  Cheatcr-le- Street  ( V  ice  - 1 1  kiss  I  o  KXT)  A  up.  21,  1852 

13  Akhstkuno,  W.,  Junior,  Wingatc.  Co.  Durham   April  7,  1867 

II  AumsthoNO,  W.  L.,  Kettlebrook  Colliery,  ftanworth   ...  Mar.  8,  196-1 

15  AitTltri*,  David,  M.K.,  Aeeriutrton.  near  Manchester  ...       ...  Aug.  4»  1877 

16  worth,  JAMBS,  Mapja-rtey  Colliery,  West  Hallam,  Derby         ...  Feb.  5,  1876 

17  ABHWOttTil,  Jonif,  Hanover  Chambers,  Ki      St  rot,  Manchester    ...  Sept.  2,  1876 

18  AsQriTU.  T.  W.,  Keaton  D»  lue.d  Colliery.  NorthnmWrlaud   ...         ,  Feb.  2.1867 

19  ATltitfUON,  J.  U..  Kidlev  Mill,  Stocks  field  <  m  -Tyne  ...  Mar  6,  1870 

20  AT  kin  soy,  W.  N..  Shiiieliffe  Hall,  Durham   June  6.  1868 

fl  AranKV,  U.  C,  Wigim  Coal  A  Iron  Co.  Ld.,  SUndwdi,  near  Wifran  ...  Feb.  6,  1870 

22  A  r  at  IN  ft,  Johk,  Cad  tow  Coal  Co.,  Glasgow   Nor.  4t  1876 

23  AvxtiLEV,  Wm,(  Hryukinult  Collier  lea,  Chirk,  lluaboii  Mar.  3,  1878 

21  Hums  liKonnit,  Murtou  Colliery.  Sunderland   Fein  3,  1877 

jjfi  IIaii.ka,  J  on  jf,  Wingitta  Colliery,  Ferryhill  8epL  6.  186ft 

26  lUlLKt,  T„  6,  Colliiigwooil  Terrace,  Jc*mond  Gardens,  Newcastle    ...  Oct.  7,  18W* 

27  Hailes,  W.,  Went  Melton.  Kotherliftiii  April  7.  1877 

28  BAILIV,  Saul'kl,  Ferry  llarr.  Birmingham   June  2,1859 

TJ  Hu>,  li.  ^uulk  N^]m|->,  M  umouthnhire  Mar,  3,1873 


30  Baixbbtdgr,  E.,  Nunnery  Colliery  Offices,  Sheffield   .    Dec.  3,1863 

SI  Banks,  Thomas,  Leigh,  near  Manchester   Aug.  4,  1*77 

32  Barclay,  A.,  Caledonia  Foundry,  Kilmarnock  M  Doc.  6,  1866 

33  Bakke*,  T-,  Seaton  Delaval  Office,  Quay*  Newcjwtle-on-Tyne  ,,  Oct,  7,  1871 

34  Babrat,  A.  J.,  Hu  abon  Coal  Co,,  Ruabc-n       »,+                ...       ,♦.  Sept,  11,  1875 
S3  Bartholomew,  C,  Castle  Hill  House,  Ealing,  London,  W.  ...       ...  Aug.  5,  1853 

36*BARTHOtoi£EW1  C.  W.,  Blake*  ley  Hall,  near  Towcerter   Dec.  4*  1875 

37  B AssETT,  A.,  Tredegar  Mineral  Estate  Office,  Cardiff   1854 

38  Bates,  Matthew,  Bews  Hill,  Blaydon-on-Tyue    ,  Mar.  3,1873 

39  Bates,  W.  J.t  Old  AxweU,  Whiekham,  Gatesliead-on-Tyne  Mar.  3,  1873 

40  Batky.  John,  Newbury  Collieries  Colcford,  Bath   Dec.  5,  1868 

41  BsAXt  axds  A.,  M.A.,  North  Bailey,  Durham  Mar.  7,  1867 

42  Beaumont,  James,  M.E.,  Nauainm,  Vancouver**  Inland  ...  Nov,  7*  1874 

43  Bell,  t  Lowthian,  Rountou  Grange,  Nortlwllerton  July  6,  1851 

44  Bell,  John,  Messrs.  Bell  Brothers,  Mlddiesbro'-on-Tees   Oct*  1,  1857 

45  Bill,  T„  Jan.,  Messrs.  Bell  Brothers,  Middlosbro'-on  Tecs  Mar.  7. 1867 

46  Bex&ox,  J.  G.,  Accountant,  12,  Grey  Street  Newcastle-on-Tyne     ..   Nov.  7, 1874 

47  BE30Q.Y,  T.  W„  11,  Newgate  Street,  Newcastle  f Member  of  Council)  Aug.  2, 1866 

48  Berkley,  C,  Marley  Hill  Colliery,  Gateshead  (Member  of  Covad!)  Aug.  21,  1852 
48  Bewick,  T,  J.,  M,  lust,  C.K.,  F.G.S.,  Hay  don  Bridge,  Northumberland 

(Member  of  Council)  April  6,1860 

50  Bidder,  B.  P.,  Dushwood  House,  London.  E.C  May  2,  1867 

51  Biolahd,      Bedford  Lodge,  Bishop  Auckland  ,,,  June  't,  1857 

52  Bjxns,  C,  Claycross,  Derbyshire  July  6,  1854 

53  Hiram,  B.,  Peasclev  Cross  Collieries,  St.  Helen's,  Lancashire  ls.v; 

54  Black,  James,  Juil,  Portobcllo  Foundry,  Sunderland         ...       ...  Sept.  2,  1871 

55  Black,  W.,  Hedwortb  Villa,  South  Shield*  April  2,  1870 

56  Bolt  W9  II.  H.,  Newchurch  Collieries,  uear  Manchester   Dec.  5, 1868 

57  Booth,  R.  L.,  Ashingtou  Colliery,  near  Morpeth    1864 

58  BoFRifE,  Taoa.  W.,  18,  Hereford  Square,  London,  S.W,  Sept.  11,  1*75 

59  Botd,  E.  F,,Mnor  House,  Leamside,  Fence  House*  (Past  President, 

Member  of  Con uci I)   ...  Aug.  21,  1852 

60  Boyd,  B,  F.,  Moor  House,  Leauiside,  Fence  Houses  (Mem*  of  Council)  Nov.  6,  186U 

61  Bqtv,  Wm.,  74,  Jesmond  Road,  Ncwcastle-on-Tyuc  Feb.  2,  1867 

62  BftECEOZr,  J.  R.,  32,  Fawcett  Street,  Sunderland  Sept.  3»  L864 

63  BrettelL,  T.,  Mine  Agent,  Dudley,  Worcestershire   Nov.  t\  lH(ki 

64  Bbomilow,  We.,  18,  Leicester  Street,  South  port,  Lancashire         ...  Sept.  2,  1876 

65  B&ow 5,  John,  Priory  Place,  155,  Bristol  Road,  Birmingham         ...  Oct.  5,  1851 

66  Bhowx,  J,  N.,  56,  Union  Passage,  New  Street,  Birmingham  1861 

67  BE0W5,  Tuoe.  Forbtek,  Guild  Hall  Chambers,  Cardiff    1861 

68  Brows k,  B.  C,  M.l.C.E.,2,  Granville  Road,  Jesmond,  Newcastle    ...  Oct.  1,  1870 

69  BrthaM,  William,  Rosebridge  Colliery,  Wigan   Aug.  1,  1861 

70  Bryham,  W*,  Jun.,  Douglas  Bank  Collieries,  Wiguu   Aug.  3,  1805 

71  Bcjoruf©,  Taso.  Wood,  Neville  Hall,  Nowcastle-on-Tyue 

(Secretary  and  Treasurer)  1864 

72*Bcu»«,  DATID,  C.E.,  Clydesdale  Bank  Buildings,  Bank  St.,  Carlisle...  May  5,  1877 

73  BERROWa,  J.  S.,  Yew  Tree  House,  Atherton,  near  Manchester        ...  Oct.  11,  1873 


74  Cavfbkll,  Wi  B.,  Consulting  Engineer,  Grey  Street,  Newcastle 

75  Carr,  Wm.  Cochran,  South  Benwell,  Newcaatle-on-Tyne 

76  Chadborn,  B,  T.,  Pinxton  Collieries,  Alfreton,  Derbyshire  ... 

77  CHAMBERS,  A.  M.,  Thorucliffe  Iron  Works,  near  Sheffield   

78  Chapman,  M.,  Dipton,  Lintz  Green,  Newcastle*on-Tyue 

79  Cum      is,  L,  Throckley  Colliery,  Newcastle -on -Tyne 

80  ChekjSMAN,  W,  T.,  Wire  Rojxj  Man  uf acturcr,  Hartlepool   

81  CniLDRp  Rowtant>,  WakefieM,  Yorkshire 

82  Clarrncb,  Thomas,  10,  Bcntinck  Crescent,  Newcastle -on -Tyne 

83  Clark,  0*  F.,  Oarswood  Coal  and  Iron  Co.,  near  Wigan   

34  Clark',  R.  B„  Marley  Hill,  near  Gateshead   

85  Clark,  W.,  M.E.,  The  Grange  Teversall,  near  Mannficld 

86  Clarke,  William,  Victoria  Engine  Work*,  Gateshead   

£7  Cocn rank,  H.f  Aldin  Grange,  Durham  

88  COCHRANE,  C,  The  Grange,  Stourbridge   

89  Cochranr,  W„  St.  John's  Cliatnbera,  Grainger  Street  West,  Newcastle 

(Member  of  CowacVfJ 

90  Colk,  It  [CHAMP,  Wnlker  Colliery,  near  Newcastle-on  *Tyne  

91  Colk,  Robert  HEVTn,  Scholar  Green,  Stoke  upon-Trent 

92  Collik,  W.  II. ,  S  win  ford  House,  Stourbridge,  Worcestershire 

93  Cook,  J.,  Jun,,  Washington  Iron  Works,  Gateshead  ,., 

94  Cooke,  John,  3,  Cross  Street,  Durham  

95  Co  >K6BY,  Joskfh,  West  Broinwich,  Staffordshire 

96  Cooper,  |%  TWuley  Colliery  Ofliee,  Ferryhill  

97  Cooper,  R.  E.,  C.E.,  1,  Westminster  Chambers,  Victoria  Street,  Loudon 

98  COOP  BR,  T,,  Roschill,  Hot  herb  nun  Yorkshire   

99  Copr,  Jambs,  Port  Vale,  Longport,  Staffordshire   

100  Cor  RETT,  V,  W.,  Chilton  Moor,  Fence  Ibm -  -   

101  CoRniTT,  M.,  Wire  Hope  Manufacturer,  Teams,  Gateshead  ... 

102  CotLSON,  F.,  10,  Victoria  Terrace,  Durham   , 

103  Cor LftON,  W,,  32,  Croaspate,  Durham   

104  Cowrn,  Job.,  M.P.,  Hlaydon  Burn,  Newcastle -ou -Tyne 

105  CoWEY,  Joun,  Wearmouth  <  '-dli^rv,  Sumlrrlniid   

106  CowLiaiiAir,  J,,  Thorucliffe,  Ac,  Collieries,  near  Sheffield 

107  Cox,  John  H..  10,  St.  c George's  Square,  Sunderland   , 

108»Coxb,  E.  11,  Drifton,  Jeddo,  R  O.  Luzerne  Co.,  Peim*.,  U.S. 

109  Coxon,  S,  B.,  23,  Great  George  Street,  Westminster,  London 

110  Craig,  W.  V.,  Palace  Chambers,  St.  Stephen's,  Westminster,  L  Ion 

111  Crawford,  T.,  Littlctown  Colliery,  near  Durham 

112  CR4vvroRo,  T.,  3,  Grasmere  Street,  Gateshead -on* Tyne   

113  Crawford.  T.,  Jun.  Littletowu  Colliery,  near  Durham 

114  C  raws  hay,  E..  Gateshead -on -Tyne   

115  Crawshay,  <*.♦  Gntesheail-oH-Tyue 

116  Crone,  E.  W„  KiHingworth  Hall,  near  Neweastle*on-Tyne  

117  Crone,  J.  R„  Tudhoc  House,  n'a  S|ieiinymoot  

118  Cronk,  S.  C,  Killingworth  Hall,  Newcastle  (Mtmbrr  of  Comnn'fJ  ... 

119  Cross,  John,  77,  King  Street,  Manchester   
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Feb,  6.  1875 
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June  5,  1856 
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5,  1870 
i,  1868 
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Oct 
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A  up. 
Dec. 
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130  CbOFDACE,  C.  J.,  Bettistieid  Colliery  Co.,  Limited,  Bogillt,  N.  Wales    Nov.  2,  1«72 

121  Chotdac*,  Jora,  West  Houkc,  Hattwbistle   June  7,  1873 

122  Choudace,  Thomas,  Lambton  Lodge,  New  South  Wales    1862 


123  Daglish,  John-,  Marsdeti,  South  Shields        ...   (Victi -Piibsidkxt)  Aug.  21,  1852 

124  Daglish,  W.  8.,  Solicitor,  Newca*tlc-on-Tyne  ..July  2.  1872 

126  Dakebs,  J.,  Chilton  Colliery,  Ferrylnll    April  11,  1874 

126  IUut,  Dayid,  West  Lodge,  Darlington  Feb.  6,  1870 

127  D'AsDiUMOXT,  T.,  Liege,  Belgium   Sept.  3,  1870 

123  Damel.  W.t  Steam  Plough  Works,  Leeds   ,       ...  June  4,  1370 

129  DABLIXG,  Fbxwick,  South  Durham  Colliery,  Darlington      ...        ..Nov*  6, 1875 

130  1>ahlf>'gto>%  Jambs,  Black  l*ark  Colliery  Co.  Limited,  Buabon     »n  Nov.  7,  1874 

131  DARUyGXoy,  Joh>,  2,  Coleman  Street  Buildings,  Moorgate  Street, 

Great  Swan  Alley,  London            ...       ...       „  ,  April  1,1805 

132  Datby,  Hkmbt,  C.E.,  Leeds    .,  Oct.  11,1873 

133  Davis,  David,  Coal  Owner,  Maesyffytion,  Abcrdare  Nov.  7.  1874 

134  Dat,  W.  H.,  Eversley  Garth,  So.  Milford   Mar.  6,  1HG9 

135  Dibs,  R.  R.,  Solicitor,  New  castle-on -Tyne   Oct.  7,  1871 

136  Dtcfcf  jtso*.  O.  T.,  14,  Claremont  Place,  Newcastle-on-Tync  July  2.  1872 

137  Dicetnsos,      Coal  Owner,  Shotley  Bridge,  Co.  Durham             ...  Mar*  4,  1871 

138  Dixoy,  D,  W.,  Lumpsey  Mines,  Brotton,  Saltbum-by-the-Sea        ...  Nov.  2,  1872 

139  DlXOV,  NlCH„  Dudley  Colliery,  Dudley,  Northumberland   Sept,  1,  1877 

HO  Dixox,  11.,  Wire  Rope  Manufacturer,  Teams,  Gateshead   June  6, 1875 

141  Dodp,  B.f  Bcarpark  Colliery,  near  Durham   May  3,  1866 

142  Dodos,  Joseph,  M.P.,  Stockton-on-Tees   Mar.  7,  1874 

143  Docolas,  C.  P.,  ParlUm  nt  Street,  Consetfc,  Co.  Durham   Mar.  6,  1860 

1 44  Douglas,  T.,  Peases1  West  Collieries,  Darlington  (  Vice  President)  Aug.  21,  1852 

145  Dors,  U.,  View  Held,  Stauwix,  Carlisle    July  2,  1872 

146  Dowdkwbll,  H.,  Butterknowle  Colliery,  r*«  Darlington   April  5,  1873 

1 17  Dtsou,  Geo  bob,  Middlesbrough   June  2,  1866 

148  Dtbo5,  O^  Puoley  Hall  Colliery,  near  Tain  worth   Mar.  2,  1872 

140  Eastox,  J.,  Neat  House,  Gateshead                            ,   lS5,i 

150  RddI&OX,  Robert  W.,  Steam  Plough  Works,  Leeds  ...       ...       ...  Mar.  4,  1876 

151  KUJOT,  SlB  GBOHGB,  Bart.,  M.P.,  Houghton   Hall,  FeUOQ  Houses 

(Past  President,  Member  of  Covneilj  Aug.  21,  1852 

152  Kj-soOX,  Robert,  76,  Manor  Rood,  Upper  New  Cross,  London  ...  Nov.  4,  1870 
IS*  EmblbtoX,  T,  W.,  The  Cedars,  Methiey,  Leeds   Sept.  6,  1855 

154  EmrlETox,  T.  Wn  Jon.,  The  Cedars,  Metldey,  Leeds  Sept  2,  1865 

155  Ettlsfsox,  J,  B.,  Londonderry  Offices,  Sealuiiu  Harbour  Mar.  2,  1872 

156  Evbbabu,  L  B.,  M.E.,  6,  Millstone  Lane,  Leicester   Mar.  6,  1869 

157  Fabmbb,  A.,  South  Durham  Fitting  Offices,  West  Hartlepool         . . .  Mar.  2,  1872 

158  Fabbab,  Jambs,  Old  Foundry,  Barusley   July  2,  1872 

159  Fa  TOLL,  TltOlf  AS  M.«  Etruria  Iron  Works,  near  Stoke-on-Trent     , . .  April  5,  1873 

160  Fbxwicx,  Barxabas,  81,  Osborne  Road,  Newcastle-ou-Tyne          ,..  Aug.  2,  1860 


161  F  EX  wick.  Geo  rob,  Bunker,  Xcivca*t]e*on-Tyne   8cpt  2,  IW1 

162  Fehbxs,  ItoBiNsoTff,  Oswald  Hull,  near  Durham   April  7,  1^77 

16a  Fioleu,  E.,  Matt  Lane  Colliery,  Wj^ilij,  Lancashire  Sep*-  1> 1866 

16  i  Fisher,  1  Ct«  5,  Rata          Swansea   July  2,  1S72 

165  Flbtchko,  Geo,,  Castle  Eden  CnlliL-ry.  Co,  Durham  ...   Ati£.  1,187* 

166  FLKrcnEH,  H.,  Lady  shore  Coll.,  Little  Lever,  Bolton,  Lancashire  ...  Aug.  3,  l«65 
ir,7  Fletcher,  Jas,,  Manager  Co-operative  Collieries,  Wallsend,  near 

Newcastle,  New  South  Wales                                             ...  Sept.  11,  1876 

168  Fletcher,  \\\,  Lansdowne  House,  Didshury,  Manchester   Feb.  4.  1871 

16*»  Fougin,  Wm.,  North  Hiddh  k  Ci.1L,  Washington  Station,  Co.  Durham  Mar,  6,  1875 

170  FouKKST,  J.,  Assoc.  fatt  C.E.,  Withy  Cull,,  Halesowen,  Binniiighrim  M .  ]  i 

171  Forsteu,  G.  1L,  M.A.,  Lesbury,  K.S.O.,  Northumhcrlund  (Fkesiukst)  Nov.  5.1852 

172  Forsieu,  .1.  K.,  Water  i mi] y "h  Ullice,  NVwr;istle-on  Tyne         ...  July  2,1872 

173  Fohstek,  J.  T„  Hurithopc  Colliery.  near  Lauchester,  Co.  Durham        Aug.  1.  1868 

174  Foiuibr,  li.,  South  Hetton,  Fence  Houses        (Member  of  Council)  Sept.  5,  IS68 

175  F^TEit,  IlK  iiifi^  OsnioiuUliorjM.'  Colliery,  near  Leeds  Mar,  7.  1874 

170  FitAXtK,  Francis,  St.  Helen's  Colliery  Co.  Ld,,  St.  Helen's,  Lancashire  Sept.  1.  1S77 

177  Fjiance,  W„  Lofthousc  Mines,  Saltbora-by-the-Sea   ,  April  6,  1807 

178  Franks,  Gkorge,  Victoria  Gare*netd,  LitiU  Green.  Xewcastta-on-Tyue  Feb,  6,  1875 


17D  Galloway,  R.  L.t  RytououTyne   Dec.  6>  1873 

1  SO  Gal  low  at,  T.  LjsdsAV,  M.A.,  Argyle  Colliery,  CampWltown,  N.H.  Sept,  2,  1898 

181  Ukuharj>(  John,  UVst^ite,  Wake6eM  Mar.  5,1870 

\S2  Gillett,  F.  C,  Midland  Bond,  Derby  July  4,  1861 

183  GiLMora,  !>..  Portland  Colliery,  Kilmarnock   Feb.  3,  1872 

184  Gilpin,  Edwin,  75,  Birmingham  Street,  Halifax,  Nova  Scotia       ...  April  5,  1873 

1*5  Gilroit,  G.,  luce  Hall  Colliery,  Wigan,  Lancashire   Aug.  7,  1856 

1*^3  Gjlboy,  S.  B.p  Mining  Engineer,  Cheatham  Hill,  Manchester          ...  Sept,  5,  1868 

1*7  Gjbrs,  John,  Southfield  Villas  Middleshru'   June  7,  1873 

188  Goui>Aan,  F.  K.,  Accountant,  Newcastle  on  *Ty ne       ...                ...  Nov.  7*1871 

M  Go  it  no  N,  Jaj(E6  N.,  co  Wn  Nieolsoii,  5,  Jeffrey's  Square,  St.  Mary 

Axe,  Liitulim,  EX*  Nov.  6,  1875 

190  Grace,  E.  N„  Dhadka,  Asscnsnle.  Bengal*  India                               Feb.  1.  1»68 

11*1  Grant,  J.  H.,  District  Engineer,  iWrbhoou,  Bengal,  India  Sept.  1,  1869 

PJ2  G  reaves,  J.  O.,  M.E.,  St.  John's,  Wiikefictd    ...   Aug.  7,  1862 

1*13  Green,  J.  T.,  Mining  Engineer.  Ty  Celyu,  Aberrant,  Newport,  Mon.  Dec.  3,  1870 

191  Green.  W.,  Thoruelly  House,  Lint/  Green.  Newcastle  on -Tyne  .  Feb.  ft  1853 
193  GliEKNEB,  John,  General  Manager,  Vale  Onl.,  Pietou,  Nova  Scotia  Feb.  li,  1875 
VH  (3  ukk  \  wkll,  G.  C,  Elm  Tree  Lodge.  DumVld,  iX^rby  (Fast  PlilSt^ 

UEXT,  Mrmber  of  CquhcUJ    Aug.  21,  1862 

197  G«ltKN WILL,  G.  C,  Jan..  Foytttuu,  ni-ar  St-^kjxtrt                             Mar.  6,1860 

108  Gmbio,  D„  Lc4«1s  Aug,  Zr  1866 

11W  Guev,  C.  U.,  55,  l*arliament  Street.  London   May  4.  1872 

^Kl  Guisvss.  1>.,  Braneejwth  Colliery.  YVUUui't.m,  t'ounty  Durham           Nov.  7.  1874 

^iH  Guiri'JTit,  N.  It.,  Wrenliara    1866 

2i*2  Gmiii^IIaw,  K.  J..  2a,  llunl.UftU  Street,  SL  Helen \  Lancaaliirr          Sept,  5,  \i*m 


203  Hag (3 ie.  D.  H..  Wennnouth  Patent         Work*,  Sunderland 

2<H  Margie,,  P.,  Gatotliead  

205*HlOtfK,  Rrxjwt,  Castl*!  Dyke,  Sheffield   

206  Hai?ka>  J.  Rich  ah  d,  Adderley  Green  Colliery,  near  t*ongtrm 

207  HALKJ,  C.  Kcrqaia  Cottage*  Norqui*,  near  Mold,  Flintshire  , 

208  HiLL,  F«  W.,  I,  EUlington  Terrace,  J  esmoud  U  »id,  Xewe4utlc-on-Tyiic 

209  Hall,       Loftlioase  Station  Collieries  near  Wakefield 

210  Hall,  M.  8.,  M.E.,  Lewi  upborne  Colliery,  near  BUhop  Auckland  .. 

211  Ham,  Wm.,  East  Hctton  Colliery  Office,  CoaIumv  Co.  Durham 
213  Hall,  Willi  AM  F„  Harwell  Colliery,  Pence  Houses  ... 

213  HA!Orf  Kdh f.vi>,  Aberaman,  Aberdaro  ...   

21*  H  irijo  n lev  W.  H.,  Orrell  Colliery,  near  Wigan 

215  Habdt,  Jo*.      

216  HaUOREAVKA,  WjLLtAM,  Roth  well  Haigh,  Lewis 

217  Ha blb»  Richard,  Biwney  Colliery,  Durham   

218  Haklr,  Willi  am,  Pagebutk  Colliery,  near  Durham  

219  Harrisox.  R.,  Eastvrood,  near  Nottingham   

220  HARttssuy,  T.t  Cambria  Villa,  Pontypridd,  Glamorganshire  ... 

221  HARRISON  T.  E.,  C.E.,  Central  Station,  ffownMfli  on  Tym  

222  RtKRiaoff,  W.  B.,  BrownhilU  Collieries  near  WaUall 

223  H  i.? well,  G.  H.,  Messrs-  Tangyc  Brother*,  Birmingham  

221  Hat,  J.,  Jan.,  Widdringtou  Colliery,  Aeklington   

225  H bckfl^,  Matthew,  Cattle  Eden  Colliery,  Co.  Durham 

226  HECKBL4,  W.  J-f  Even  wood,  Binhop  Auckland   

227  Hkdlet*  J.  J.,  Consett  Collieries,  Leiidgate,  County  Durham 

228  Hbdlet,  J.      Flookcr*  Brook,  Chester 

229  Hbdlet,  T,  F.,  Valuer,  Sunderland  

230  Hkdlet,  W.  H.,  Consctt  Collieries,  Medomsley.  Newcastle~on-Tyne 

(Member  of  CouncilJ 

231  Hex  DERSoy,  H.,  Pelton  Colliery,  CheUer-le-Strcet  .  

232  RgfrELL,       Leafleld  Hotwe,  Birtley,  Chester- le- Street  (Member  of 

Ctmucil) 

233  Hbpfbll,  W,(  Western  Hill,  Durham   

1  HkhDM  AS.  J.,  Park  Crescent,  Bridgend,  Glainorgau»hire 

Healop,  Lingdalc  Minest,  via  Skeltou,  R.S.O.,  York*, 
236  Hxslo*,  GaaraoE*,  Whitwell  Colliery,  Sunderland  ... 

287  He3  lo  p,  J H  uckuall  Torkard  Colliery ,  i i  en  r  Notli  r  i  g  1  ia  m   

238  Hbth RRtsrQ to*,  D.,  Coilodge  Colliery,  Xewcaatle-nn-Tyue  

230*H  tWlTT,  G.  C,  ttxtl  Pit  Heath  Colliery,  near  Bristol   

240  Hewlei  v,  A.,  Haigh  Colliery,  Wigau,  Lancashire 

1  H i*i *o*,  J Acoti,  94,  Cros* Street*  Manchester   . . . 
MI  Hiltok,  J.t  Wigau  Coal  and  Iron  Co.t  Limited,  Wigau 

Li      Hil f .jn\  T.  VVP  ,  Wignti  Co:il  ami  Inm  </".,  Limited.  Wiguti  

211  Hi>r>MARj*H,  Thomas,  Cowpcn  Lodge,  Blyth,  Northumberland 
2-16  Hopgsos,  J.  W,,  Dipton  Colliery,  eia  Ltutz  Green  Station  ... 

SIS  Kolli&at.  Mabtin*,  M,B.t  Pca*e.<**  West  Collieries,  Crook   

247  Holm  Ed,  C,  Grange  Hill,  near  BUlum  Auckland   
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(XXX) 

2tf  Hohkr,  GViftLYI  ,L,  Mbdilg  Knjrmeer,  Stoke-rm -Trent   

2  tO  Hoon,  A.,  6,  Hut*  Crescent,  Cardiff   

250  NorK,  Gkorok,  Ncwbattle  Colliery,  Fence  Houses   

251  HjRKjjiiVp  II..  Hamsteel-  Colliery,  near  Dnrimm   , 

252  HoRSLRr,  W„  Whitehill  Point,  Percy  Main,  New  castle -on -Tyue 

253  Hoskold,  H.  [>..  C.  and  M.K.,  FJLUX,  F.G.S.,  M.  Soc.  A.,  Ac, 

251  Howard,  W,  F„  13,  Cavendish  Street,  Clicstcrfh  \d   

2.* 5  III-  Tinn\\  J  ami:s,  AUiiuii  Mines,  Pietnii,  Nuvu  Se  >tin 

M  Htmible,  John,  West  Pclton,  Chester-le-Sfcreet   * 

257  UrwoLK,  Jos.,  Htivcley  Works,  near  Chesterfield 

25S  Htnteji,  J„  Silkstmic  and  Worabrn*  Park  Collieries,  near  Harnsley  . 

259  HrsTKft,  W.t  M  ink  llrettoti  Colliery,  near  Karnsley   

260  IlrNTKFt,  Wvf„  :U.  <  ■  n-y  Str.H-1,  Ni  'werntte.mi  -Tvnc   

201  HrsTRTt.  W.  S„  3t,  Grey  Street,  Newcastle- mi -Tyne  

262  IlFNTtNG,  Charles,  Fence  House* 

2H3  HruHT.  T.  U.,  K<t.S.,  Lander  flruu^'.  <  '■  .rljrWl^*  ■-■  m -Tun-  f  }f t  mf* 

ofCoHwett)     % 


mo 
Aug.  a.  1*65 
April  18,  1H61 
Feb.    3,  1877 

i,  WW 

5.  1S57 
1, 
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Atitf. 


1*71 
1*01 
1862 
L  1^71 

2,  1866 
6,  1*09 

3,  i*m 

An*.  21,  1*52 
Feb.  I,  1808 
Dec.    (J,  1K66 

Aug.  21.  1*53 


Mar, 
June 
Mar, 
<  let. 


:>fH  Jm  k^in,  C,  G.,  Chiiuilicr  Collier*  Co.,  Limited,  Ilolliuwnod 

2flo  Jackson,  W„  Cannock  Chase  Collieries,  Wulsull   

2flH  J  ACKtsn  v,  W.  (i..  Lhl-oc  Grange,  NoruiantOHj  Yorkshire 

267  J auuatt,  J.,  Houghton  Main  Colliery,  near  Harmley  „.       ,„       ...  Nov* 

2G8  JSPFCOCJE,  T.  W.,  IH,  Hank  Street,  Sheffield   Sept 

2459  Jenkins,  W„  M  .K., Ocean 8,C. ColU.,  Ystrud, nr,  Pbtttypridd,  So.  Wnlw  Dec, 

270  Jenkins,  Wm.,  Cotisett  Iron  Work*,  Consett,  Durham   May 

271  Johnson,  Henry,  Dudley,  Worcestershire   ..,  Ang, 

272  Johnson,  John,  M,  Inst  C.E.,  H.O.S.,  21,  Grainger  Street  West, 

Newcastle-on-Tyiic  Aug.  21,  18&2 

273  Johnson,  J.,  Carlton  Main  Colliery*  ttarusley  ♦   Mar,  7,  1874 

271  Johnson,  It.  S„  Sherhurn  Hull,  Durham    Aug.  2i,  1*53 

275  Jm|i.-hv(  J.  G  .  Fiirth  liuuki  We*t  Faetury.  Newcastle  on-Tynu  April  10,  1*09 

27«  IMBR,  W.  J.,  Urpeth  Lodge,  Chesterde  Street   Mar.  6,  ls«9 

277  Joskch,  D,  l>.,  Ty  Draw,  Pont>priddp  South  Wales  April  1872 


June  4, 1S70 
Feb.  11,  1874 
June  7,  1S73 
2,  isfi? 

1,  1K69 

6,  LSG2 

2,  1^71 

7,  \Hf!D 


27S  Kbni>ALL,  John  !>.,  K  »per  Strvet,  WhiU'Uaven 

279  Kimpton,  J,      iOt  St.  MaryV  Gate,  Drrby 

280  KlHKBY,  J,  W„  Anhgrovc,  Wiod> pates  Fife  ... 
2S1  Krn-i^re,  John,  Team  Ci«liiery,  GateOieml 

282  Knowli^  A.,  High  Hank,  Pendlehtiry*  Manchester 

i  K*N"«  r    v  1  >n\t  \\\^twoinl,  Pondlehfiry.  Munehe*tor 

2d  I  Knowle^,  Tiioma*,  luce  Hall.  VVigan  

2S.fi  Kruitu.  It.  H,  V*  Wftstuuuftter  Chainbera,  Wre\ham 


Oct. 
OcL 
Feb. 
April 

Dee. 
Au#, 
Feb. 


X  IS71 
5,  1K72 
I,  1S73 

5,  iH7a 

5,  1856 
fi.  1H56 
1.  1S61 

b.  1^*70 


2S(J  Lam  n,  R.,  Bowl  horn  Cnlllery,  Cleator  Moor,  near  Whitelnuvn          ,  S,  j,t,  2,  1HI5S 

2^7  Lahu.  U.  (>..  The  Lawn,  li>  ton  ,.U-T>  oe  Ati|r.  2.  lsG6 

289  Lamm,  MCM  ^ai>  WM  Coal  Owner,  Newcastle -on*Ty ne   Nor,  2*  1872 

2*9  LAMnrnr.  M.  W.,  i».  queen  Siwl,  NVwc-a^le-nn-Tyun                    .  Jnly  2»  IS72 


(xxxi) 

290  Lancaster,  Jouy,  Frankfort  House,  PUxjnhn'a  Avenue,  Loudon,  N.W. 
391  Lancaster,  J.,  Juik,  Aufiold  House,  Willes  Rood,  Leamington 

292  LAXCABnut,  8.t  Nantygto  A  Blaiua  Statin  OoCaObUkfttt,  HUtna.  Mm, 

293  Lax  d  ale,  A.(  L-iehgelly  Iron  Work*,  N.B,  

20t*LAPOKTB,  Hbnry,  M.E.,  80,  Rue  Koy*U\  Brussels   

295  Liyebioe,  Roby.,  West  Haiti  ton,  Fence  Hoiuei 

296  Lawbescb,  Hexby,  Grange  Irou  Works  Durham  fMem,  of  CounrifJ 

297  Laws,  H.»  Grainier  Street  W.,  Newcastle  oa-T/SB  (Mem,  af  Council) 
29$  Laws,  Johjt,  Blyth,  Northumberland   

299  LXBOUB,  G.  A.,  M.A.,  F.G.8  .,  Durham  College  of  Science,  Newcastle 

300  Lbe,  Gbokgb,  Great  Ay  ton,  e*Vl  Northallerton   

901  LlflUB,  AXDBKW,  Hebbtiru,  Gtitcslietul  ou-Tiite   , 

302  Lever,  Ellis,  Bowdon,  Cheshire   

303  Lewis,  Hbxkv,  Anncsley  Colliery,  near  Nottingham  ...   

3f>i  Lewis,  W.  H-,  3,  Bute  Crescent,  Cardiff   

805  Lbwis,  William  Thomas,  Manly,  Aberdare 

206  Liddell,  G.  H.,  Somerset  House,  Whitehaven 

307  Lindoiv  Jambs,  BWwieh,  Walsall,  Staffordshire   

308  Li x$ LB V,  R..  Cramltugton  Colliery,  North umberlai id  .. 

309  Lix*le  v,  S.  W.,  Whitburn  Colliery,  Snnderland   

310  Liskmax,  T..  Jnn*,  Hettoii  Colliery,  Fence  Houses 

311  Lisa  max,  Wit.,  Witton-lc-Wear  

312  Lishhax,  Wm.,  Bunker  Rill,  Fence  Houses 

313  Livbsbv,  C,  Bradford  Colliery,  near  Manchester   

311  Lives  BY,  T,  Bradford  Colliery,  near  Manchester   

315  Llewelyn,  L-,  c/o  W.  I*.  James,  Abersychan  Iron  Works,  nr.  IWly  |mju1 

316  LOJAS,  WILLIAM,  Laugley  Park  Colliery,  Durham 

317  Long  both  am,  J.,  Norley  Collieries,  near  Wigim   

318  LojfOUiUGE.  J.  A-,  15,  Great  George  Street,  Wes  tun  lister,  London,  S,  W. 

319  LcrTQK,  A.,  P.G.S.,  4,  Albion  Place.  Leeds   
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330  If ADDIBON,  HbnbV,  The  Lindens,  Darlington                                    Nov.  G,  1875 

321  Mahxg,  C.  T.,  Ford  Pottery,  Newcastle -on -Tyne   Oct  5,  1872 

322  Mam  MATT,  J.  K„  CLE*  SL  Andrew's  Chambers,  Leeds    180 1 

323  MABLBTp  JOHK,  TluiinHcld,  Darlington  .        ...   (Y'uK-PuKsJhKNT)  Aug.  21, 1852 
321  M  ablet,  J,  W.,  7i  Victoria  Street,  "Westminster  Palace  Hotel,  West- 
minster, London,  S.W.       ...                        ...       ,..           Aug,  1,1868 

325  Mails rt ALL,  F.  C  Messrs,  U.  &  W.  Hawthorn.  Newcastle -nn-Ty no      Aug.  2,  1866 

326  MAlwrox.  W.  &,  Lecswood  Vale  Oil  Works,  Mold   Oct.  3,  1H6S 

327  Ma  it  tbx,  K.  B.,  C.E.,  Mm  near  Stourbridge  July  2,  1872 
338  Maytuews,  H.  P.,  llardwickc,  Sedge  field                          ...       ...Mar,  5,1857 

329  MAUaitAX,  J.  A.,  Ncrbudda  Coal  and  Iron  Co.  Limited,  Garrawnrru, 

Central  Provinces,  India      ...                                              ...  Nov.  7,  1803 

330  MAT,  Geobof,  Hartou  Culliery  Olhees,  near  South  Shields  (M*  tuber 

tfCou*eilJ    M!                                                               ...  Mur.  fi,  180^ 

331  McCBJCATU,  J„  95,  Bath  Street,  Qtagow                                    ...  Mar,  5,  1870 

332  McCclljcii,  Daviu,  Beech  Grove,  Kilmarnock,  N.H.          ...            Dec.  1,  1^75 


333  McCrLtocn*  H.  J.t  I,  Finsbury  Circus*  London   

331  MoCrLi/x?n*  W,>  4,  Fin sbiiry  Cinnw,  London  ... 

335  McGiuk*  T.,  Cannock,  fltlflliHiTrtllii   

336  M 0 MrrtTHJE,  J .*  Rod nWk  d A \ ier y t  Bath   

337  Mbik,  Thomas,  C.K.,  %  Vork  Place*  Rftntalgi   

33*  Merivalk,  J.  H.,  2,  Victoria  Villrn.  Tfamwifai mi  T^ni   

331)  MlU.KR,  UoDERT,  Heedi  Orovf,  L  »i  k  Park,  JUn-M   

3iO  Milu,  M.  H.,  Duck  man  ton  Lody-e,  Clio.itrrHeld 

M  MlTCH RLL,  ChA*.*  Jmmond,  Newi :intle-mi*Tvne   

312  Mi re  hell,  J  >8KPMt  B >lton  Hall,  It  itluTlunn 

313  MiTCHiXJOX,  K.,  Juik,  Pontop  Coll.*  Lint*  Oreen  Station,  Cn,  Durham 

3H  Moffat,  T.,  Mmitreul  Iron  Ore  Works  Whitehaven   

315  Moxkhocse,  Jos.,  3iU),  (tileru*,  Cockcrmouth  * 

3  if!  Moor,  T..  Cambria  Colliery.  Blyth   

317  Moor,  Wm.,  Jim.,  Hittmi  Colliery,  Fence  Houacj 

318  Moork.  R.  W.*  Colliery  Office,  Whitehaven     

suj  Kositas,  i>.  r..  23.  Wbm  rhic  Tftiii  irtlii  mi  Tj w 

35U  Morris,  W.,  Wuldridjre  Colliery .  Chester- U- Street   

351*Morton,  H.  J.,  I.  Royal  Creseimt.  Searb  n-im-jjh 

352  Morton*  H.  T>*  LumhSm.  Fer.ee  Hmovs 

353  Mo  Ks,  Wmm  Hanuoor  Colliery,  Beal  

351  Mr<  RLK,  John.  11*  Oxford  Terrace*  (iate*h*™lon-Tyne 

355  Mi lv*,ny.  W,  T.,  IVmpelfort,  Duttwldorf-on -the.  Rhine 

354)  Mi  niH.k,  Ahtiil  U,  7.  Colli  iiffwood  Street,  Newcastle -mi  Tvne 

357  Ml  M>i.K,  W.(  Kodesdalc  Mine*,  ltellinjrham 


Oct. 
Nov. 
Oct. 
Nov. 
Jnne 
May 
Mar. 
Feb. 


June 
CM 

Jr.lv 

Nov. 


1 ,  1 StU 
7,  1874 

1.  1857 
7*  1HT>3 

4,  1870 

5,  1877 

2,  1865 
4.  1871 

April  11, 1874 
Feb,  14,  1874 
fth.  4,  1865 
Sept.   4,  1*69 

4,  1863 
3*  186* 
2.  1872 

5,  1*70 
196] 
1858 

Ml 

Ang.  21,1852 
Miir, 

7, 

3k 
& 


M,ir, 
Dir. 
June 
Aug. 


,  1872 

iaa 

is:,: 
1875 


2,  1S73 


358*Na**k,  Itt  i >u it*  Koiri^l   Rei^wrnks  Director,  Lonlacnthal,  S;wir- 

brucken,  PrusMiA 
3&1J  Nkvin.  John,  Mtrtield,  Yorkshire 

36.1  Xkwall,  R.  S.,  Fcrmleiie,  <  n»te*lieMd-onTynt'  ( Mt  mUr  of  Coitnrifj 
361  Nn  HOLiOX,  E.,  jtni.,  IkwniUh  Colliery,  Clic*Ur-lc-Strcet 
JWi2  Xi<  UOL4UN,  Marshall,  Midulvtmi  Hull,  Led* 

363  Xoiilk,  Captain,  Ji^iinrtitl,  NVwca*tle-oii  Tvm' 

364  HOI  i  n*  P.  Wlh  F,<i,S.,  Kuwlcy  Hall  Colli  pry ,  L>udU\v,  SUffonlnhirc 
3G5  Nl  ti  all,  Tmom      Hn«d  Street.  Hnry,  Lnnrit^liiri' 


Maj 
Min 
Ang, 

Frb. 

f)yt.  c,  iw;t 

Btyt  U*  187& 


1*»^ 

ltMW 

18H3 
18C6 


366  Ot)L»KN*  J*»M%       Solicitor*  Sunderlund  Mar    5,  1H57 

367  OulLVlB,  A.  GmakHK,  4,  Omt  (lonrgc  Stnvt.  Wr^hoinsUr,  I^ndon  SUr.  l\,  1^77 
iHJH  Olivkk,  Kohkiit,  CHiirliiw  L'olliepv,  nmr  Ibirbai^  Nov-  6,1^75 


969  Packv,  TV,  Buhop  Aucklnnd 

870  l*ALiiKHf  A*  S*»  Uiworth  Hall.  Wiultinptou  Station*  Co,  Ihulmm 
371   I'at.mkj,  t\        M  l*.,  <iua\,  Xem'joitlr-nn.Tyne 

&7i  Pambly.  CL,  HwUtnek  CU1  WorH  near  Bath  

1173  Pan  I  ox,  F.  S.t  Silk^«,rtli  l\,Uierv.  Sumbrlajnl 
371  Pahkin,  t\*  IliiUoii-U-lli.il',  Kirl.v  Mmh-uU,  Vork. 


April  10,  I8rt» 
July  2.  1872 
5*  ]8o2 

6, 1S7S 


Nr»V. 
S«pt. 
<  VI. 
J  mie 


(xxiiij 


375  J'auuikutox,  M.  W.,  Wcaritiuuth  Colliery,  Sunderland  {Member  of 

CovneritJ   Dfe  1,  I8f>4 

376  Paut***,  T..  F.G.S.,  Ash  Cottage.  Birmingham  Road,  Wc*t  Bromwich  Oct.  2,  1869 

377  PATTiSi>jf#  Jojty,  Engineer,  Naples   Nov.  7,  1H74 

37<*  Peace,  M.  W„  Wigati,  Lancashire                 ...                 ...       ...  July  2,1872 

379  Peacock;  Datld,  West  Bromwich     Aug.  7,  1869 

3*0  Pea*cr,  P.  H.,  Bow lii  ig  Iron  Work*,  Bradford         . ..       ...        t,  Oct.  1,  1857 

3*1  Pease,  Sir  J*  W„  Bart.,  M.P..  Hut  ton  HjiU,  Guiiihm1,  YorHMw         Mar.  5,  1*67 

82  Fuel,  Johf,  Wharncliffe  Silkstonc  Collieries,  near  Banudey          ...  Nov.  1,  I860 

383  PERU  J  oh  3,  Horstey  Colliery,  Wy  latn  on-Tyne   Mnr.  3,1*77 

384  Peile,  William,  Ellerkeld,  Staiuburu,  Workington  ttot,  1,  1*63 

Pk>MAS.  J.  H.(  2,  Clarence  Buildings,  Booth  Street,  Manchester         Mar.  7,  1*7-1 

PiCKtF,  P.  W„  1  fish  ton,  near  Blackburn                                    ...  Feb.  6,  ]>75 

387  PiisCHlsa,  Archd.  E.,  Sontb  Iodiun  Mining  Co,,  (Jtenoek  Estate, 

Dcvsla,  Madras  Residency,  I udia    .„       ...       . ..       ...       ...  May  5,1*77 

3S3  PoTTER,  AuDiao5t  C.B.,  Heatoti  Hall,  fTrwr*ltlll)  tin  Tjfflfji   Mnr.  6,  l*6il 

380  Pott  BE,  A.  M„  Shir*  Km  OUL  Northumberland  {Member  of Com  ucitj  1-Vli.  3,  1*72 

390  Puttek,  C  J.,  Heaton  Hall,  Newcastle- ou-Tyne   Oct.  3,  1*71 

3111* Pott e e,  W.  A.t  CramUugton  House,  Northumberland         ...  1H53 

392  Pejce,  Jojijf,  Messrs.  Palmer  &  Co.,  Limited,  J  arrow,  on -Ty  lie        ...  Mnr,  3, 1*77 

303  Puce,  J.  It,,  Standish,  near  Wigau                                         ...  Aug.  7,  MM 

394  Peiestma*,  Jo*.,  Cua1  Owner,  Newcastle-mi  Tytic    ...   Sept.  2,  1*71 

Pujxole,  Edwaeu,  Choppiugton  Colliery.  Northumberland  . ..  Aug.  4,  1877 


396  RaksAT,  J.  A.,  Langley  Old  flail,  near  Durham                            ...  Mar,  G,  1*69 

3»7  Rajwat,  Wm,,  Tursdale  Colliery,  Count v  Durham     ...    Sept,  11,  1*75 

396  Rmd,  Robert,  Felling  Colliery,  Q»t»tn*ad    Dec,  3,  1863 

Kee*t  Damel,  Qlandarc,  Aberdare                         „       ...         .  1*6:2 

400  UtFfcK*,  Wii.t  Tcplitz,  Bohemia  ntr.  .  1  -  7 1! 

iQfl  lh:uj,  AN DK1W,  Newcastle- ou-Tj yi ie               ...       ...       ...        .,.  April  2,1*70 

402  RicnAitus,  E.       Messrs.  Bolckow,  Vaughan,  A  Co.,  Middlesbro'  Aug.  5,  1*76 

403  RfcHARtJaOKi  H.,  Back  worth  Colliery,  NcwcasUe-on-Tyiic  {Member 

of  CouneilJ                                         ,                   ,   Mar.  2,  1*65 

404  RlCUA K p&ojf,  J.  W.,  Iron  Shipbuilder,  Neweastle-ou -Ty lie    Sept.  3,1*70 

406  RlDLEv,  Ci„  Trinity  Chambers,  Newcastle  ou-Tyne    Feb,  1,1*05 

^♦Hi  Hi [>lry,  J.  H,,  Mcsera.  K.  A  W.  Hawtboru,  NewcaMtle-on^Tyiie      ,..  A|iril  6,  l*7~Z 

I«r7  RlDTABP,  J.,  Bridgewatcr  Offices,  Walkdeu,  nr.  Boltim-h^MiKira,  Lan.  Nov.  7,  1*71 

409  Ritsojt,  C  A ,  6,  Queen  Street,  N«w«Mtia-on-Tyne    Oct.  7,  1871 

UJO  Urraosr,  W.  A„  Taui worth  Colliery  Co.,  Tam  worth    A]>ni  2,  1870 

410  Hobkktsox,        M.K.,  123,  St.  Vineeut  Street,  Glasgow  Mar.  5,  1*70 

411  Robinson,  O.  Breretou  and  Hayea  GdDs.#  It ngrU»Vf  Staffordshire  Nov.  5,1*70 
4U  RoaiysoN,  John,  Hehburn  Colliery^  near  Newaaatle-on-Tync         ...  Nov.  4,  1876 

413  ROBtmnc,      Bow1i»h  Hsll,  near  Bishop  Auckland  {Mnn.  of  CouncifJ  Feb.  1,  1*G8 

414  RoB&ox,  E..  Middlesbro'-oii  Tees    April  2,  1870 

415  Robaok,  J.  S„  Butterkuowle  Colliery,  eta  Darlingtou   1*53 

416  BOBBOBj  J,  T„  CambusUng,  Glasgow    Sept.  4,  1869 

4!7  Kousoi^  Tuoma*,  Lmtdey  Colliery,  Fence*  Houses                        ...  Oct,  4*1000 


41B  RouEBaox;  John,  Cmxdale  Hull,  Durham   

iVj  lUxiCWi  i\  J.,  Kt^ciklc  Lodge,  near  Pickering.  Yorkshire 

420  Ross,  J,  A.  if„  Coiutilliug  Kupueer,  Hi,  11  I^r  ivr  Terrace,  Newcastle 

•121  Itos^KJt,  W.,  Mineral  Surveyor,  1*1  ■  inell  y,  (  nnimrtlu  ti*1mi  e   

422  Koiuwell,  It,  l\j£7.  Park  Place,  New  York,  U.S.  ...   

423  Kot-TLEDGK,  Jos.,  Rylinpe  Colliery,  Sunderland   

424  Roc  TLB  DOE,  Wm.,  Sydney,  Cape  Rrctou   

425  Rowley,  J.  C\.  Shajrpoint  Colliery,  Obigu,  Now  Zeulund 

42G  Kituieuj-orii,  .L,  Halifax  Coal  Co.,  Ld..  Albion  Mint's,  Nova  Scotia  . . 

427  Rl/TiiEaFORh,  W.,  So.  Dcrweiit  Colliery,  Vunlichl  Phnn,  Lints  lirceu 

428  RcrrrKK,  Thohm  Hlaydou  Main  Colliery,  Hlaydon'OiiTyne   

42i>  Kvukii.  W.  J,  H.,  Forth  Street  Hmss  Works,  Ne wetus tie-on  Ty nc 


Mar.  6,  1*69 

2,  IMP 

5,  1*70 
Sq*  11.  1875 
Aug.  6*  1857 
t,  1S75- 
1*52 

3.  UJRg 
1, 

4  l*7ii 


Feb, 

July 

Mar. 


Hoc. 

Oct, 
MrlV 

Nov. 


t:j<>  Saint,  (iEOUuE,  Vauxhall  CnllicrU"*,  Runlxm,  North  Wales 

431  Scautij,  W.  T\,  Rahy  Cattle,  Darlington  ...   

J32  Seorr,  Amuiew,  Hroomhill  Colliery,  ArkIin#tou 

433  Scott,  C.  F..  fiat. -Ih  id  Fell  Colliery,  i  J.i-- -In- ,el    i.  l\  •  , 

431  Scot  lah,  U.,  Cleator  Moor,  rOi  Carnfurth 

435  Skdlo>\  J.  P.,  (Jreat  Harwixd  Collieries  near  Ace ris intern  ,.. 

430  Shall. 8,  F.  W\,  Pritehard  A  Scms,  !l,  lira* vt hurrh  Si  reel,  Umdou  ... 

Ki7  S  i aw ,  Wr,  .Inn.,  Wol»iu<rhaui,  rp'«  ]>Hrliii|Hrt tin  ..< 

43S  Sin  el,  JlHIS,  Fram  wvllgute  C<  >1 1 icry .  C<  m i 1 t  y  I) urlmm   

43SJ  Sjiosk,  Isaac,  PentrcfeUu  House,  Wrexham 

4UJ  ShohtukoE,  T.,  Park  House,  W  install  ley,  Wipm  ,  

4-U  Sit fte,  C  A.,  Weatoc,  South  Shields  

412  StMPSON,  J.,  IfcwurLh  Colliery,  near  *  iatrihead -oii-Ty  ue 

4-13  SlMFBOK,  Jo4„  Spritijrhill  Mints,  <  ninlk  i  "land  Co.,  Nova  Scotia 

ill  Simi'hl»x,.J.  It .  Hedja  tlcld  House.  Hlaydoii -on -Tvt»e<Vn  k-Fuksidkm) 

445  Simpson,  U,  Moor  Hoin*e,  Uyton-on  Tyi  e 

4ltJ  SiMi*ejj»N,  R  in.,  l>rumu»oTid  Colh,  WfalvUle,  Fiet  mi,  Nova  St*otia 

417  Slknn,  T-,  2,  C)«oji]>in^ton  Strrt't.  VV^tm"Hauil  llond,  Newcastle 

HI  Small,  G.t  Duffiehl  RoncK  iX-rhv 

4-111  Slum,  0.  F.,  Orovchur»t,  Tnnhrid^e  Welti 

4GH  Smith.  J.,  ltiekcr»haw  Colliery,  Leigh,  ncur  Hanclicsler 

45l*SiHTli,  U,  CLlFroui>,  J'aiktiehl,  Swintou,  Manchester 

452  Skith,  1\.  Sen,,  M,K.,  riuderfonl  ViHas,  t»r.  Newnhum,  tilniee^ter  .. 

453  Surrit,  T  K..  Flnruix  Foundry,  Newjfute  StnvK  Newcastle  on-Tyra? 
451  Snowj>on.  T.,  j ii ii  ,  W\-iX  Hitelilmni  roll  ,  rn.  Tow  \s.w\  .  t-m  iLu  lin^!  »n 
ioo  Si>ptt|in,  A.,  ratlin  ek  Llmv  Collieries,  m  ar  Walstll 

toll  Surwnn,  Tin^.,  *v  <in  il  <i^»r^  Si,  Westuiiuster,  Umdon.  S.W, 
457  So(  Tiikhs,  U,  lturki^h  Hou*e.  The  Parade .  Tmleijarvi! I e,  Cardiff 
4W  SOI*TJIWO»TK,  Tilos.,  Kindley  tirw.ii  Collierie*.  nwr  Wipin 
4&U  SfKXCEU,  Jon\,  W.-t-  it,  Ko:h1.  Xt  s^i-.i-lle  nil  T>ne 
4*10  Spenckm,  M..  Newh'i-     n.  ir  Newe-i^tle  on-Tynw 
4G1  Brixr»:it,  T.,  Kytrm,    imomtfa  nfi  Tj  nti 
14i2  tSi-ESd-KK,  W.,  SouthtU'Uls  lx*iee*ter 

ST*  a*  en  so*,  A.  L.,  Duihaiu  ( Vi»  i.  .i'liK.v  i  cm  ) 


,1  LILH.' 

April 


April  11.  UH 
Ajiril  4,  1*1* 
Dee.  7.  1SG7 
April  11,  1^71 
July  2,  ^72 
U  lst?7 
6r  1872 
.luue  3,  1*71 
May    6,  1871 

ISM 

April  S,  IS5I5 
April  11,  l«74 
1W.  ti. 
Mar.  3,  1*73 
Oft  4,  1*00 
Aug.  21,  1861 
Dec*  4,1*76 

2,  1872 

4,  1S70 

B.  mt 

7.  1*71 

5.  1ST  I 
May,  1H77 
D*r.    5,  1S7I 

4,  l.sijy 

1.  i  MkS 

3,  1  *77 
3,  18*>5 

2. 

1.  1H*&» 
I,  1HGJ 

Attf.  £1.  18&S 
Dec.   C  l«ft§ 


July 
June 
Aug. 
Mar. 
Dec, 


Sej«t, 

Auk- 
Mar. 
Aug, 
Mu> 
Sept. 
S^pl. 
Dee, 


H54  Stefiiexbon,  a.  It.,  9,  Victoria  tliambcr*,  We*t minster,  Lnndcm,  s.\\\  Oct.  t,  I860 

465  SriTmiraoN,  It,.  I*ochgelly  Iron  Works,  Loebgelly.  Fifwbiro  ..  Kt*l»+  5,  1*76 

4G6  Storart.  W.,  Pepper  Ardeti,  Northallerton  Jnly  2,1872 

l£7  Storey.  Thos,  K,>  Clough  Hall  Iron  Works.  Kidsgrovc,  Staffordshire  Feb,  5,  I87l» 

40S  Sr&AxEtt,  Jonx,  StfifTxIisiw  House,  C<ir1»rh]#e*<»n-»*rriic  ,  May  2*  1JW7 

k?9  SntAKER,  J,  H.t  Willington  H.mse,  Co.  Dtirlmm  OH.  3,  1H7  I 

470  SmiTTOx.  T-  EL  M.,  Tredegar.  Sonth  Wale*   Dec.  3,  1H70 

,171  $  wallow,  J.,  Poirtop  Hall,  Lintz  Green,  Newcastlc-on-Tyne  ...  Mny  2,  1H71 
172  Swallow,  R,  TM  Sprin^vll,  GaU^h(»Kl-(>n.TYim                ...       ...  ]H*»2 

473  Swan,  H.  F.,  Shipbuilder,  N ewcast le-ou-Ty tie  Sept.  2,  1H71 

474  HWAJt,  J.  O.,  Upaatl  Hall,  near  Middlcsbro'   Sept.  2,  1871 

175  SwAXJf,  C.  G.,  See.,  General  Mining  Amho.  Ld.,  6,  New  It  mod  St„  London  Att»r.  7,  1h75 


47*3  Tate,  Sjmox,  Trimdoii  Grange  Colliery,  Co,  Durham   

477  Tat iou,  Hrou,  King  Street,  Quay,  Newcastle-onTyne 

47$  TATLO*,  T.f  King  Street,  Quay,  Newcaatle-«in-Tyne  

479  Tatloh-Sihtij,  Thomas,  GreoHcroft  Park,  Durham  

480  TjtoilA*,  A.,  Bih$on  House,  near  Newnhain,  Gloucestershire  .  . 

481  Tifoupsjy,  Johx,  BoughUm  Hall,  Chester  

482  Thompson,  R.,  Jan.,  Rtdridge  House,  W'mgate,  Co,  Durham 

4S3  Thompson.  T.  C,  Milton  Hall,  CarlUle  

461  TitOtfaox,  Jons,  Eaton  Mine*,  by  Middksbro*  ♦  . 

486  Tuoiiiox,  Jos.  F.,  Man  vers  Maiu  Colliery,  ttotlierham   

468  Tixx.  J„  C.E.,  Adituii  lv<m  Rolling  Milk,  Bower  Ashtoti,  Bristol 

467  Ttli>bx- Wright,  C,  Shireeaks  Colliery,  Worksop,  Nott*.   

488  Treox,  Wm,  John,  IS,  Fo*house*  Road,  Whitehaven 

Ttzacjc,  D,,  Birtley,  Chesterle- Street,  Durham   

490  TvzArK,  WiLEHRD.Tanfield  Left  Coll.,  Lint3<  Green  Station,  Newcastle 

491  VlTLAK,  Johx,  Diamond  Bering  Company,  Whitehaven 


Sept.  11, 
Sept.  5, 
July  2. 
An*  2, 
2. 

Sept.  2, 
Sept,  7, 
Mny  4 
April  7, 
Feb.  6, 
Sept.  7, 

Mar,  3, 
Feb.  li, 
Oct.  7, 


1875 

1H72 
1806 
1H72 

im 

180 
13*4 
1877 
1S75 

im 

18412 
1877 
1871 
1 870 


Mar.   3,  1877 


Wadbam,  E„C,  and  M.E..  Millwood,  Daltonan-Furness   Dec.  7.  I8i>7 

Walker,  G.  B.,  Wharoeliffe  Silkstoue  Collieries,  Worlley,  nr.  Sheffield  Dee.  2,  1871 

WAITER,  J,  S.,  15,  WaHgnte,  Wigan,  Lancashire       ...  .        ...  Dee.  4,  lSGi> 

495  Walker,  W.T  Saltburn-by-the-Sw   Mar.  5,1870 

4i*i  WALLAC*.  HKNar,  TttWsh  Hall,  Gatesheud  Nov.  2,  1872 

407  Warp,  H.,  Rt><ll»uiton  Hall,  near  Peukriil^e.  Stafford  Mar.  6,  1802 

408  WaBdALK,  Jonif  D.f  M.E.,  Rwlhengb  Engine  Works,  Gatcsheiul     ...  M  n  1.  I.s7."> 
Warp  ell,  S,  C,  Doe  Hill  House,  Al  fret -jo      ...   April  I,  1805 

500  WA&ftLSOTOX,  J.,  Cragwood,  Rawdo^,  near  Ll'CxU   (  h  U  i\  ]s:.5l 

501  WATAOX,       Higb  Bridge  Works,  Newe^sfle-ou  Tyne   Mar.  7,  18G8 

502  WAT405,  H.  B.r  High  Bridge  Work*,  Newcastle -on -Ty nc   Mur.  3,  1877 

503  Watsox,  M,,  Fliinby  ivnd  Brong)i^)n  M*jor  Collieries,  near  Ifaryport,.  Mar.  7>  1868 

504  WllKR,  J.  6*,  Bodltogton  Collierien,  BeiUiiigton  (Member  of  ConncitJ  Feb.  4,  18tt5 

5C6  WfiirnncoTT,  P.  G.  H„  Klswiek  Iron  Works,  Newcastle   June  2,  lHfW? 

606  WltlTE,  H.,  Weardale  Coal  Company,  Tow  Law,  near  Darlington     ...  1866 


(xxsvi) 


507  Whit*.  J.  F.,  M.K.,  Wakefield  

608  White,  J.  W.  H.,  Woodle*ford,  near  Leeds   

609  Whitehead,  Jambs,  Rrindle  Lodge,  near  Preston,  Lan cusl lire 

Mo  W  'ii  i  ]  i  i \w,  Joh  \,  1  is.  (I,,^  Street,  Kdinhur^h   

511  Whitblaw,  T.,  Shields  and  Dahell  Collieries,  Motherwell   

512  Wii  f  ttkm,  Thoh.  S.,  Wykeu  Colliery,  near  Coventry  

513  WinhAs,  i\,  North  Hikhlmni  Colliery,  Iloudeu,  Darlington 

514  Wiojit,  W.  H.,  Cowjkmi  Colliery,  Myth  

515  Wun,  J.  O.,  Hedley  Hope  Cull ierios,  Tow  Law,  by  lMrlington 
616  Williams,  E.,  Cleveland  Lodge,  Middhsbro*  

517  William*,  J.  J.t  Pmitgwyn  Hminc,  Holywell,  Flintshire 

618  WiLLTAMnOJf,  John,  Cannock,  Ac..  Collieries  Hedne*ford   

519  Willis,  J.,  1  I.  Portland  Terrace,  Newcantli'-nii-Tyiie 

520  Wilson,  J.  I!.,  Whijrfcld  Iron  Work*  and  Colliery,  Alfreton 

621  Wilsox,  Robert,  Flimby  Colliery,  Mary  port  

622  Wilhon,  W.  H„  Kippax  and  Allerton  Collieries,  Leed* 

523  Winter,  T.  R,  (trey  Street,  Newcastle -otiTyne   

52t  Worm,  C.  L.,  Freehuul,  Hruljje  of  Earn,  Perthshire  ... 

625  Wood,  Lindsay,  Smithill,  Che*terdc*Strect  (Past  PRESIDENT,  Afrm- 

Arr  <>/*  CunncitJ   

626  Wood,  Thomas  Hainton  Huu«%  Feuce  House* 

527  Wood,  W.  II.,  ftllfcw  Hull,  Coshoe,Co,  Durliani  (Membrr  of  Connvit) 
523  Woo  it,  W,(>„  Durham   

529  Wool, mm  k,  II  i  > fin  ,  SL  Him j.h,  I'uuilicrlaiid 

530  WuiutiT,  (i.  II.,  12,  Tnnnpu^ton  Street,  Cmnhriduv  

631  Wwohtsox.  T.,  Stuckton-on  Teen   


T  i  r 

July 

2,  1872 

Sept. 

2,  1876 

Dec. 

i,  1875 

Feb. 

5,  1*70 

April  6,  1872 

Dec. 

5.  1874 

1  Vr 

5,  1SC8 

Feb. 

3.  1877 

Oct. 

5,  1867 

Sept. 

2,  1865 

nor* 

2,  1872 

Nov. 

2,  1*72 

Mar. 

5,  1857 

Nov. 

5,  1K52 

Aug. 

1,  t^TI 

Feb. 

6,  1869 

7.  1871 

Oct 

i.  iw 

Sept. 

3.  1870 

1856 

Nov. 

7,  I  SKI 

Mar. 

3,  1H73 

July 

J.  1H72 

Sept.  1 3,  isru 

532  VotTNO.  Puiur,  81,  lim-kmill  Old  Koad,  Hanley 


Oct    11,  1*73 


©rMMrtr  Hrntbtrs. 

1  AcKBOTD,  Wm.,  Jun.,  M.E.,  Morley  Main  Collieries,  Morley,  nr.  Leed*  Feb.  7,  1880 

2  Brll.  Q.  E.,  Park  House,  Durham                            ,M   Dec.  3,  1870 

3  Hbamall,  Hexhy,  M.I.C.B.,  St.  Helen'*,  Lancashire   Ot,  6,  1878 

4  ItuojA.  Richard,  Mining  Kng-tnccr,  Oitwall,  Dortmund  ...  Nov,  6,  1SHO 
6  HrTLKli,  W,  F.,  C.K.,  Cymmau  Hall,  mar  Wrexham  IWv  7,  18NO 

6  CilAMLTOH,  HEURY,  Hawks.  Crawsliay.  A  Hon*,  Oatesbend  on-Tyne  Dec.  9,  1882 

7  CoC  ii  it  A  x  R,  John  K.,  Con.  Engineer.  Hett-m  U           l-Viu-.'  Ilmi^      [h*\  9.  1*82 

8  Dackkh,  Thomas.  Smth  Urane/e,  ShimUfTe,  Durlmm  ,..  M*y  4,1878 
9#DtiON,  .Tamk^  S„  170,  Hope  Strwt,  ISUip^                                    Aujj.  3,  IK78 

10  Ku.1*.  W.  R„  WJbMk  W%M   June  1, 1878 

U  Ubourk,  (JnokoR  JL,  U2  Priiu'^  Strtvt,  Kdudmr^h  .                   .    CJcf.  1,1881 

12  (iltcllBlsi,  Th«»mas,  Kltriu^lmm,  Prndh<ie-oi»-Tyi»o  Mny  4,  1**7H 

13  Uovluk.  J.  II  ,  13,  Lowlher  Strtvt,  Whitehaven   jjcjit,  7,  1878 


(xxxvii ; 

14  Habbottle,  Jonx,  LiulUligow  Mine*,  Columbia  Co..  New  York         June  10,  1882 

15  Johnson,  HHXnr.  Jqn.,  SatidwcU  I*ark  Colliery*  Went  Hromwich, 

SonHi  Staffordshire  _  Feb.  10,  1883 

16  JohNbON,  WiLUAM,  West  Stanley  Colliery,  Chestar4fc Street        M.  Dec.   9,  1882 

17  Kkllett,  William,  Wigan      ...   Jane  1,  1878 

IB  Laxca&tiu,  John,  AuchtnbcatH,  Sunt  It  field  And  Pence  OoBhrfa^ 

Lcaitrabagow  ...  ...  ...   Sept,  7»  1878 

19  Law*,  W.  0*.  Civil  Engineer,  Neweastle-on-Ty ne      ii*  Oct,  2,1880 

20  Lkacu,  C.  C,  Bedlington  Colb.,  Itedttn^t«nP  It.S.O.,  Northumberland  Mur,  7,  1874 

21  LrDDRtL,  Matthbw.  Mickley  Colliery  Office*.  SLocksfold-on-Tync      Feb,  lift.  1H83 

22  Llbwrllix,  David  Morgax,  F.G.S.,  Ulannem  Office*,  Polity  pool      Mny  H.  1881 

23  Martin, .Tom  PATnxaox.  AllhaUowa  Colliery,  Meal*gaLe,  Carlisle  ...  Feb.  15,1879 

24  Oldham*  G.  H.,  St.  Joint  IV El  Key  Mining  Co.,  Tower  Chauilier*, 

Fin  aba  ry  Pavement,  London         ...       ...       ♦   Anjr.  5.1882 

25  PoTT*,  Jo*.,  Jun.,  Architect,  Ac.,  North  Cliff,  Koker,  Sunderland    ...  Deo.    G,  1879 

26  Prior,  Eowari>G.,  Vietoria,  Britisb  Columbia  ...       ...       ...Feb.  7.1880 

27  Koobbs,  William,  M.E.,  19,  King  Street,  Wig*t»   Nov.  2, 1878 

28  Russell,  Robbbt,  M.E.,  Colfoes*  Iron  Works,  Ncwmaina,  N.B.  Aug.   3.  1878 

29  Spencer,  John  W„  Newbur  ear  Newcaslle-on-Tyne   May    4,  1878 

30  Topping,  Walter,  Mesara.  Crosa,  Tetley,  A  Co.,  Piatt  Bridge  Wigan  Mar.  2. 1878 

31  WiLXBR,  SlDXET  FERBis,  193.  imn  Road,  Canton,  Cardiff        ...  l>ee.    9,  1882 

32  Walker,  William  Edward,  Lowther  Street,  Whitehaven  ...  Nov.  19,  1881 

33  WfNSTANLET,  Roar.,  M.K..  32,  St.  Ami**  Street,  Manchester.  Sept.  7,1878 


1  Allan,  John,  607  Erbische  Strassc,  Freiberg  in  Sachsen   Feb.  10, 1&83 

2  Armstrong,  Henry,  M.E.,  St,  Hilda  Colliery,  South  Shields  April  14,  1883 

3  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newca*tle-on-Tyne  Feb.  10, 1883 

4  Arnold,  Tno^.,  Mineral  Surveyor,  Cattle  Hill,  Greenfields,  Llanelly     Oct.    2.  1880 

5  Atkinson,  Frbd.,  Mary  port   Feb.  14. 1874 


6  Atous.  T.,  Mineral  Traffic  Manager,  N.K.  Kail  way.  New  castle-on  *Tync  Aug. 


7  At  ton,  E.  F„  Heddon  Colliery,  Wylara-mi-Tyne 


Feb. 


7, 1880 
6,  1870 


8  Bailes,  E.  TM  Wingate,  Ferry  hill    June  7,  1879 

9  Barnes,  A.  W„  Gmasraore  Colliery,  near  Chesterfield    Oct.    5,  1872 

10  Harnett,  Charles  Hollo,  New  Sealiain,  Seaham  Harbour  . ..  Nov.   7,  1^7-i 

11  Bates,  C.  J.,  Coal  Owner,  Heddon  Bank*,  near  Wvlam-on-Tyne     ...  Dec.  II,  1882 

12*Bbll,  Thomas  Hroii,  Coal  Owner,  Middlesbrongh-on'Tccs   Dec.  11,  1882 

IS  Berelet,  Fredebice,  M.E.,  Murton  Colliery,  near  Sunderland     ,..  Dec.  11,  1882 

14  Berklbt,  R.  W.,  Marley  Hill  Colliery,  Gateshead    Feb.  14,  1874 

15  Bewice,  T.  B.,  Haydon  Bridge,  Northumberland    Mar.   7,  1874 

16  Bird,  W.  J.,  9,  Prince  Street,  Sunderland    Nov.   6,  1*75 

17  Ho ww,  JoaN.  StratUm  Castle,  tUrliiijrtou    Feb.  1u,  ISH3 


1H  Bitorcm,  TnoMA*,  Sealuua  toNicry,  Seaham  Hnrhonr 
10  Brown,  M.  Wip  7,  Ehtwiek  Park,  Tl<ii(mt!<i  HI  Tym  ... 

20  Brow*,  W.  B.,  Springfield,  Wavertree,  Liveqiool   

21  Brucr,  Jon*,  Cannock  Chase  Colliery,  near  Walsall 

22  BrtMAN,  II.  F.,  West  Uniiituii,  retire  Huiiseri  

2;t  IU  nmxc,  <\  /,.,  Wurnra  Colliery,  Central  Provinces,  India  ... 
21  IJitrt»ox,  A.  E„  Hartford  Bonne,  CramUuiitnn,  Northund»crland 
25  lit- hn,  John  II.,  Coal  Owner,  20,  Broad  Chart*,  Neweastle-on-Tyne . 
213  Urn\Lisv,  C.  E.,  Aybrigg  Farm,  near  WaWfield 


Feb.  1,  1873 
fat.  7,  1871 
Mar,  2,1*78 
Feb.  14  1874 
May  2,  1S74 
Due.  <k  1^73 
Feb,  10.1893 
Feb.  10,  1883 
April  11,  1*74 


27  Cabrera,  Fhjkl.c  V)  H.  Kendall*  Son,  12.Ct.  Winchester  St.,  London  Oct,  fi.  1877 
2*  Casplkh,  T.  !•;.,  Easl  Lodge,  Crook,  Darlington  .  ...  1.  L8M 

29  Charlton,  W,  A.,  Tanjrye  Bros.,  25,  Lincoln  St.,  Oate*head-on-Tyne  Xnv.   6,  18S0 

30  Clark,  K'>nT.,  So,  Medmivley  Coll.,  Diptnn,  Lints  OreeTi,nr.  Newcastle  Sept.  11.  1K75 

31  i*Lor*JH«  .T  amrs  BedUntfton  Collieries  B.S.O  .,  Xorthuni1>erland     ...  April  5.1873 

32  COHDOLD.  C.  H.,  Mineral  Ofluv,  FWcm-,  nenr  Barn-h  y  May    3,  1*73 

39  COCHRANE.  Ralph  I)  ,  Hetton  Colliery  Offices,  Fence  Honses        .   June  1, 1*7H 

5i  Coc«ox,  Charles,  Ki<i£  Street,  Wipan   f       _  April  22.  1SS2 

35  Cooper.  It.  W.,  Solicitor,  Xewca*tle-on-Tjne  Sept.  4.1880 

3G  PyUEMft  w*  R-»  Tndhtw  Colliorj,  Spennyinoor   Oct,  14. 1882 

37  IHlziex,  W.  U.,  2t  IVuibi'kr  'IVrvmv,  Cardiff   Sept.  7.  197& 

3S  Davison,  Charlrs,  Coruwiy  Colliery,  near  Hah,  Durham   Dee.  11,  1882 

89  Dodi\  M*«  Leinin|rton>  Scotswood-on-Tync      ...   Dec.  4,187$ 

40  Don* las,  .Id iin.  Se^hill  Colliery.  Dudley,  Northumberland  Apri!22.  1%H2 

41  Dor/OLAS,  John,  Jun„  S^lnll  < 'i  llh-ry,  Dudley,  Northumberland     .    April 22,  1882 

12  Don;T.A«,  M,  II..  Maisdcu  Cull'ury,  South  Shielda     —  ...  A  up.   2,  1879 

13  Duvr.r,  Patrick.  C.E.,  F.M.S.,  F.L.S,,  M.R.A.S..  Municipal  Chamber*, 

Oiarler**  Tow-er*.  i-Hi  T-iwTi-iville,  ^uei-iiNlatid,  Au>iriiiii*    .        ...  Mar,  1,1879 


II  ErniF,  .J.  C,  KeViin^rf nil  f  "id lu-ry,  near  Chesterfield   Dee.  5,1874 

*5  Fogk,  John  II..  Coalport  Wire  Hope  and  Chain  Works  Shifnal,  Salop  Sept.  7.  1*7H 

10  Fatnm:\\  Jahf*,  Cmfrhmul  and  Hohuside  c,>Hii  ries  ChoHterde-Street  Aug*  7,  1880 


47  Farrow,  Jompii,  Brutton  Mines  Button,  B.S.n. 

\  <  t'LVur,  M.tUK,  lMibv  Colliery,  D*  vie 


Feb,  11.  i*as 
Oct,   7,  1878 


40  Ukkrari>,  JaXEJ,  I  hoc  Hall  Coal  and  Cannel  Company,  Wipm  Mar,   3,  1879 

50  UKKKMitt,  Hfskv,  Soittli  Po«it.>p  Cnllirry,  Anuthdd  Plain    iVe,  11, 

&1  (rHKit>Kii,  T.  Y„  llainford  i  IlieT !e^,  St.  Htdeu**,  IjAiica«hire. ...  July    2»  187t 

52  liiiGK.MK,  W.  J.,  PeiulxTton  Colliery,  Wignn   Mar.   2,  1878 

53  11k»i.KV(  W.  S.,  U\er*eu)c.  Ashhy  tU  la- /.ouch    Oct.  6, 


S4  llioail,  PlTRR  8IKCL1IH,  (Inti^heml-nu  Tync 

H  II  ,  1 1 1 1  h  1 1 1 -y  <»riM-n  Cotlier>,  u«  i;  Wi-in 


April  14,  1 

Oet  7,1876 


(xxxix) 


Hamiltos.  E.f  Kig  VVtioti  StUttKjrti  hv  tlie-Sea  Nor.  1, 1873 

Harris,  W.  S.,  Aiulrewi  Hotnw,  near  Gateshead -ou'Tync  .  Feb.  11,  1871 

&B  Heplky,  E„  Rainham  Lodcc.  The  Avenue  licckcnham,  Kent        ...  Hoe.    2,  1871 

■  Hrspeksos,  C.  W,  C,  CM  Owner*  Tlie  Kidinp.  HMM    Wft  1  M8S2 

60  HBXRT,  Geo,  J,,  Stownmrket  Chin  Cotton  Co.,  Stowiuurkct  Nov.  10.  1HH1 

61  Hill,  Willi  am.  Cartorthorno  l VII  icry  Office*,  Wilton -Ic- Wear  June  11,1883 

62  HrsiBLE,  fciriil,  Uttoieter  Road,  Derby   i  6,  1877 

f>3  J KFTCOCk\  ChahLRA  E.f  li.A,,  Birley  Collieries,  Sheffield    Feb,  10,  1*K3 

01  Jri-bos,  H„  64,  Old  Elvet,  Durham      ...  July    2,  1872 

6&#JOBLtso,  Tno*.  E,,  Hetnirfc  Colliery*  CbWpajD  UttMfa  NorlhnmherUnd  Oct.  7. 

66  Jonxsox,  F.  Dm  B.A.,  Ay  kley  heads,  Durliam   Feb.  10,  1883 

<J7  Jottsaoy,  W.t  A  brain  Colliery.  Wiguti  ...    ...  ftfc  14 

<58  Jordan,  J.  JM  Miua  de  8.  IXmaiugoH,  Mertola,  Portugal    Mur.   3,  1873 

09  Layericb.  Jons  Wales.  Middridgc  Colliery,  SliiLdou,  via  Darlington  Dee.  11,  1882 

70  Linn  ell,  J.  M„  21,  Lovaine  Place,  Neweastlc-ou-Tyue    M*r.  fi,  1 

71  Liodell,  Jon 5,  Coal  Owner,  Newcastle- on -Tyue      ...  ...  Dec.  11*3881 

72  Lisle,  Jn  Wiwliiiigtoii  Colliery,  County  Durlmui  July  2,1872 

73  Maccabr.  H,  O.,  Ruwell  Vule,  WeUoftgang,  New  South  W»lea  ...  Sept,  7,  1878 
7*  MaVMSOX,  Thos.  1L,  Thornes,  near  Wakefield   ,  Mar.   3,  1877 

75  Max  bp  back.  H.  U.T  Gilder  Hank,  near  Amlrie   Mur.   3,  1H77 

76  Makkuax,  G.  E„  Howlinh  Office*,  Bbhop  Auckland   Dec    4,  1875 

77  Mklly.  K.  9n  Griff  GoUitfta,  Nuneaton    Oct    5,  1H78 

78  Mebivaim,  W.,C.E   Mur.  5,1881 

79  MtLJ.BR,  D.  S.t  Ncston  Collieries  Cheshire   Nov,   7.  1871 

80*MlLLik.  N.   Oct.    5.  187S 

81  MCNEHOr*E,  G.  Hkxsox,  St  Nicholas*  Chambers,  Xcweajdle-on-Tyue  Oct.  I  I.  18*2 

82  Hoofc*  Willi  ah,  UpleatJuuu  Mints  C  plc.u  bam,  EUaO.  STov,  19,  1083 
H3  MoRRtStf,  C.  A.,  34,  Clement's  Lane,  London,  B.C.  -  -  Nov-  7*  1*7 1 
81  KbBSMHt,  Jons.  New linltle  Collieries,  Oftlktitlfc,  N.B.    Dec.  1,1880 

85  Obssbt,  R.      Seaton  Dclaval  Colliery,  Dudley,  NnrthnniKrhuid  Mar.  C,  1875 

8*>  Palyieh,  Heshy,  East  Howie  Colliery,  near  IVi  s  vliill  Xov.    2,  1878 

<*7*PkASB.  Arts  UK,  M.P.,  Coal  Owner,  Darlington  ...  Dee.  11,1882 

W  PRTLLIFS,  W,  J.,  Analey  Hall  Colliery,  Atheratone  J  One  9,  1883 

«  PeJWT,  J,  J.f  SL  Helena  Colliery,  Biahop  Auckland   May    1,  1876 

**0  Pbichabii,  W.,  Nbv.  and  Deep  Doffryn  Coll*.,  Mountain  Ash,  So.  W*lc*  Dec.    7.  187H 

W  PmiJfOLB,  Joe.,  Manuger,  Coxlod^e  Colliery,  So.  Gosiforth,  Newcastle  Mur.   5,  1881 

98  PRoro,  Joseph,  South  Hetton  Colliery  Office*,  Sunderland    ,  Oct  14,  1882 

OS  Rathhoxe,  Edoar  R,  2, < treat  George  Street.  Westminster.  London  Mur    7,  1^71 

•4  ItibLBY,  8ir  Mattrbw  White,  Iturt.,  M.l3,,  Bhigdon^Northuuibcruind  Feb.  li  >, 

V*3  BOMoy,  Harry  X.,  3,  North  Bailey,  Durham   Dee.    4,  1S75 

OB  UoWBLL,  Robert.  Sejrhill  Colliery  Office,  Newc^tle-ou-Tyne  l  i  li  ISSj 


(xl) 

97  SufiE,  W+,  D.  Se.,  Manager  K.I.R.  Collieries,  (iiridi,  Beujyal,  India  ...  Nov.  3,  1877 

98  Sawyer,  A.  It.,  Ahs.  K.S.M.,  Hasford,  St<  ike- upon -Trent   Doe.  6,  1873 

99  Scckfielo.  Geo.  J.,  Hur wortlt-u pnn-Ti'cn,  Darlington   Dec.  II.  MB 

I  (JO  Smith,  J.  Haunold,  Laiigwitli  Colliery,  near  Mansfield       ...         >.  Nov.   2,  1878 

101  Smith,  Tjum.  K«  u.r']Er  M.K,  Tlionicliffc  Collieries  near  Sheffield  ...  Feb.  5,  l&Sl 

102  SNOWBALL,  Joseph,  Seaton  Bum  House.  Northumberland   ...       .„  Feb.  10,  1883 

103  STOBAUT,       Pensher  House,  Fence  Houses   Aug.   2.  1873 

104  Btobb.s  Frank,  1,  Queen  Street,  Newcastle-on-Tvno  Oct.  1,  1881 

]  05  Stoned,  T,  H,,  Wigiiii  Coal  &  Iron  Co.,  We*tleigb,  nr.  Leigh,  l^ncashirc  Nov.  7,  1874 

106  Tatt,  Jamks,  Estate  Ajreut.  (lurmim^wnv  M"or,  Covins,  Co,  Durham  May  14,  1881 

107  Tflvokd,  W.  H.,  Crnmiiiiffron  Colliery,  Northumberland   OH.  3,  1874 

108  Thomas,  Willi M.I.*  Mineral  Office,  The  Castle,  Cocltermouth ...  Feb.  10,  18H3 

109  Thompson,  C  m  ah  lis  ],acv,  MiltMU  Hull  Carlisle   Feb.  10,  I88J 

HO  Tcrnbcll,  George,  Seaham  Colliery  Seaham  Harbour       ...       ...  Oct,  4,  IHTU 


111  Vjtanoff,  Geo.  X.,  Sofia,  Bulgaria 


April  22, 188* 


112  Walters,  H  Ann  rave,  Birley  Collieries,  near  Sheffield         ...  Jl  1.  1^ 

113  WALTOF,  J.  CorLTiiABD,  Writlilitijgton  Collieries,  Rudatoek,  via  Bath  Nor,  7,  l«74 
11 4#  Ward,  T.  H„  Assistant  Manager,  K.I.R.  Collieries  Giridi,  Benjaral  Anp.   7.  1883 

115  Wardlk,  En  warp,  M.E..  UodelifTe  Colliery,  Ackliiutfon    Feb,    5,  1881 

116  Watson,  Korkrt,  North  Seat*m,  Moq^lb    Dec.  11,  l«82 

117  WBEsrKE,  InomAM  H.,  Manr.,  Morton  House,  Fence  Houses  April  1  ft  18*3 

118  Wkitks  IS.  L..  Willinptou,  Co.  Durham    June  10,  1*82 

11©  Wilson,  John  H.,  Swaithe,  near  Barnsler    Jane  t»,  18W 


1  Anderson.  R.  S.,  Els*ick  Colliery,  Newcastle -on -Tyue   

2  Atkinson,  A.  A.,  Luinley  Colliery,  Fence  Houses 

3  Atton,  Hrnrt,  Seaton  Delavol  Colliery.  Dudley,  XorthurnVrlund 

4  Baimowunku,  \S\  ii.r  Fa>r  Hettou  Coll.  Offire,  Co*hoe,  Co.  Durham 

5  Bell,  Geo,  Frei»„  25,  Old  Klvet,  Durham   « 

G  BiRn,  Habry,  Fuwler  Iron  Mines,  Charlhury   ..  ...  

7  Black  itt,  W.  C,  J  tin.,  SaerUkm,  Durham 

K  Bmkm.ky,  A.  B.,  Holtvrnvd,  DeMnhurv  , 

9  BRAMWKLL,  HlOil,  20,  Beverley  Terrier,  CulleieouU   

10  Buown,  C.  GlLPlN,  Hetton  Colliery,  Feiiee  Houses   

11  CjiaNi>LRT,  Chart. lis,  Alherlou  Collieries  near  Manchester 

13  Ciiapmasi,  Alp.  C,  Silks  worth  Hall,  near  Sunderland   

IS  CHILD,  H.  n  

11  Colk,  Colli  v.  simohMda  Cottage.  T\  •■     ek,  South  Shields 


(xJi) 

luein, 

15  Co i,  L.  Clifford,  Ravcnstone,  near  A§hby-de-la-55oucu   April  1, 187G 

16  Crawford,  JAMK8  Mill,  Murton  Colliery,  near  Sunderland  „,  Dec.  11.  1882 

17  Crawford,  T,  W.,  Peases'  West  Collieries,  Crook,  by  Darlington   ...  I>ec,    4,  IS75 

18  Crone,  F.  E.,  Killingworth  House,  near  NcwcaRtle-oii-Tyue  Sept.  2,  1^76 

19  Ccbrt,  W.  Tnos,,  Usworth  Colliery,  eta  Wellington,  R.S.O.        ...  Sept.  4, 1880 


SO  Davidson,  C.  C,  Ore  Bank  House,  Btgrigg,  eta  Cam  forth,  Cumberland  Nov.  4, 1876 

21  Davis,  Kenneth  M,,  Towneley  and  Stella  Collieries,  Kyton-on  Trnc  April  5, 1879 

22  Depledge,  M,      Eaton,  Middlesbrough   April  7,  1877 

23  Donkin,  We   Sept  2,  1876 

24  Docolas,  Arthur  Stanley,  Croxdalc  Colliery,  near  Durham  ,„  June  1,  1878 

25  Dunn*  A-  F.,  Poynton,  Stockport,  Cheshire     ...    T11  Jnne  2,  1^77 

26  DraNFOBD,  H.  St.  John,  Low  Stublin  Colliery,  near  Rotherham    ...  June  2,  1877 


27  Etans,  David  L„  Messrs,  Dalziel  k  Evans,  Cardiff 


...  Mav    4,  1B78 


28  Keren*  Frederick  J..  220,  Gilcsgate,  Durham   Dec,  4,  1880 

29  Fletcher,  John  E.,  KUesmere  Park,  Ecelcs,  near  Manchester       ...  Dec.    lf  1877 

30  Forstrr,  C  W.,  6,  Ellison  Place,  Newcastle-nn-Tyiio..,   June  10.  1882 

31  Forbtbr,  Thomas  E.,  I^miry,  R.S.O.,  Northumberland     ...       ...  Oct.  7,1876 

32  Fowler,  Robert,  Wearmouth  Colliery.  Sunderland  ,  Dee.   2,  1876 


33  Gaxlwey,  Arthur  P.,  El  Collao  Gold  Mine,  Guiana,  Venezuela, 5. A.  Oct.  2,  1880 

34  Gilchrist,  J.  R.,  Durham  Main  Colliery,  Durham   Feb.  3,  1877 

35  Gordon,  Chas.,  Glebe  Street,  Stoke -on -Trent  May  5,  1877 

36  OoriD,  Alee.,  Coupon  Colliery,  Blyth  ,  Dec,  1,  1877 

37  GftEttN,  Francis  W.(  Hartoii  Colliery  Offices,  South  Shields  ...  April 22,  1«82 

38  Greig,  J„  Browney  Colliery,  Durham  ,  Feb,  6,  1881 

39  Guthrie,  James  Kenneth,  Ryton-on-Tyne  Mar.  1, 1879 


40  Haddock,  W,  T.t  Inn*  Ryhope  Colliery,  Sunderland  

41  H aggie,  Douglas.  Gateshead -on -Tyne   

42  Haio,  R,  NOBLE,  Loftbouse  Mines,  via  Sa1tburn*by~tuc-Sca 

43  Hare,  Samuel,  Gladstone  Street,  Crook,  n'<*  Darlington   

44  Harbison,  Robert  J.     ...      ...  ...   

45  Harrison,  R.  W„  Public  Wharf,  Leicester   

46  Hedlet,  Seft,  H,,  Wardley,  Newcastle- on -Tyne  

47  Hendt,  J.  C.  B,,  Middle  Biteliburn  Colliery,  Howden-le-Wear,  via 

Darlington    ...   

48  Hbslop,  Septimus,  Urpetb,  Chester- le-Street  

Heslo?,  Thomas,  Storey  Lodge  Colliery,  Cockticld,  via  Darlington.,. 

50  Hill,  Leonard,  Carlin  How  Mine*,  CarKn  How  in  Cleveland 

51  Hoofer,  Edward,  Haydon  Bridge,  Northumberland,.. 

LI  SoWaBOf  Walter,  13,  Cavendish  Street,  Chester  Held  

53  Hudson,  Joseph  G,  S.,  Albion  Mines,  Pietou  County,  Nova  Scotia... 


Oct.  7,  1876 
April  14,  1883 
Feb.  10,  1883 
Aug.  2,1879 
Mav  tj  1875 
Mar.  3,  1877 
Feb.  15,  187« 


Sept 
Dec, 
Oct. 
Oct. 


2,  1S76 
4,  1880 
2.  1880 
6. 1877 
Jane  4,  1881 
April  13,1878 
Mar.   2,  1878 


nicrn, 

54  Humble,  Joicet,  17,  Westmorland  Terrace,  Ncwcjwitle-on-Tvne     ...  Mar.  3,1877 

55  Humble,  Robert,  17,  Westmorland  Terrace,  "Newca*tlc-on.Tyue    ...  Sept.  2,1876 

56  Hunter,  John  P..  Buck  worth  Colliery,  near  NWcastle-nu-Tyuc     .,  Oct.    6,  1877 

57  H  tT  rat,  (Jko.,  I  wilder  Grange,  Cor  bridge -oh -Tyne      ...   April  1 4. 1883 


GS  Kayll,  A.  C,  Felling  Colliery,  Gated  lead -on -Tyne   Oct.  7,  1876 

59  KtRKHoraB,  E.  G                   ,                                           ...  Aug.  3.  1878 

00  KlRK up,  Philip,  E*h  Collier v,  near  Durham  Mar.  2, 1878 

61  Kihton,  Huqh,  Watdridge  Colliery,  Cheaterdc-Strevt   April  7,1877 


62  Lindsay,  Clare vue  S.,  Us  worth,  ria  Washington,  It.S.O  Mar.  4,  1876 

fi3  Ll.sHM  xn,  Robert  H„  33,  Cluypath,  Durliam  June  i\  1883 

61  LiVEiNU,  E.  H.,  52,  Queen  Anne  Street,  Cavend  Ai  Square,  London     S«<pt.  \t  1*77 

66  Lock b,  E.  G                                          ...   Dee.  2.  1*76 

66  Lonobotham,  R.  H.,  Ormskirk  Knnd,  Newton,  Wigan        ...        ..  Sept.  2,  1876 


67  Mackinlay,  Tuoa.  H..  Wirt  Peltou  Colliery,  Chertcrde-Stmt  Nov.  1,  1879 

68  M\h«ton,  Frank,  lirouifiehl  Hall,  Mold    Aug.  7.  1882 

fill  MiTTON,  Arthur  IK,  Sberbum  Hmiw,  Durham                             .  June  U,  1883 

70  Murray,  W.  C,  Weed  Park,  Dipton,  n'a  Lint  a  Green  Station      ...  Oct.  4,  1879 

71  Murton,  Charles  J,,  Jeamond  Villas,  Nca'caHtle-on-Tyne  ...       ...  Mar.  6,  1&8(> 


72  Nicholson,  Jos,  C,  Wear  Mil  and  File  Work*.  Sunderland        .„  Feb,    3,  1877 

73  Nicholson,  J,  H.,  CauibnU  C"llii  rv,  Hlyth,  Xnrtlimnlierland  Ottt.  1,1881 

74  NOBLB,  J.  C,  Csworlh  Hall,  near  Washington  Station,  Co.  Durham,,.  May    5,  1877 


75  Oatbb,  Robert  J.  W.,  K.IJi  ('"HiiTies,  Giridi,  Hengul,  India     .    Feb,  1u.iy.s3 

76  PatthoN,  Jos.  W,,  Londonderry  Office*.  Scnhaiu  Hurlnmr   Feb.  15H  1879 

77  Pbakb,  CHARLB3  Edwd„  Sleaford,  Lincolnshire  ...         ..  Nov.   3,  1877 

78  Peakk,  K.  C,  Highgate,  Walball         ...   Feb.   7,  1h.no 

7U  Peart,  A.  W.,  Lower  Duffryn  Collieries,  near  Mountain  Aah  Nov.    I,  187ft 

mi  P>        ,1  T,t  Loftui*  Mines.  Cleveland   Juno   11,  18*3 

Si  Pikk,  A  a  nolo,  Khubleawortb  Colliery,  Chester*  le*Street     ...       ...  Feb,    6,  1881 

82  Potter,  K.  A.,  Crandiugton  Hnnst-,  NnrthumWrland                    ...  Feb.  6,  1876 

83  Prick.  S,  U.,  lloughtnn  Main  Colliei > .  tw.ir  Kunisl.^,  W>rkshire         Nov.  3,1877 

HI  Puisot-K.  H.  A.,  Peases'  We*t  Cnllierhi*,  by  Darlington   „  Oct.  2,  1880 

t*5  FitijfOt.lt,  Ht.  Geo..  Tan  Held  l*cii  Coll  ,,  Lint*  Green  .Station,  Newcastle  Dee.  4,  iHMi 

*6  pKoctoir,  1  .  P.,  Sliibdeu  Hall  Collieries,  near  Halifax,  Yorlcihira        t)et,  7*  1076 


N7  Kkkh,  K.,  North  Smtou  Colliery,  Morjarth   Feb.  3,1877 

HS  1EU  11  ARO*<>>,  ItVLI'H.  Fiehl  llnum1.  WiM  Uaititoo,  Feiuv  Jf    i    ^  Jmn 
HI  Kl(  I1AU1)M».  It,  VV\  P.,  OlhYe       (ii-oi  nd  Mauap'f,  <  idrjil  Mining 

and  Smelting  Ca>.'*  Mine*,  Villa  de  Mu«(|att  Coal  mi  In,  Mexico  ...  Mar.   4,  1*70 
tM>  Kt  i»lbt,  Willi  a  11,  South  Tan  It  eld  Colliery,  C1icitcrdc<  Street  Dee.  11,1882 


(xliii) 

vucrra 

91  Robinson,  Frank,  Norley  Colliery,  Wigan   Sept.  2, 1876 

92  Robinson,  Geo.,  Hebburn  Colliery  near  Newcastle-on-Tyne  Nov.  4, 1876 

93  Robson,  Taos.  O.,  Medoinsley,  Newcastle-on-Tyne  Sept.  11,  1875 

94  Roftlbdgb,  W.  H.,  Staveley  Coal  and  Iron  Co.  Limited,  Chesterfield  Oct.    7,  1876 

95  Scarth,  R.  W.,  Stanghow  House,  Stanghow,  via  Marske-by-the-Sca    Dec.    4, 1875 

96  Scott,  Joseph  Samuel,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham  Nov.  19, 1881 

97  Scott,  Walter,  Cornsay  Colliery,  Lanchester,  Co.  Durham  Sept.  6, 1879 

98  Scott,  Wm.,  Brandon  Colliery  Offices,  near  Durliam  Mar.  4,  1876 

99  Smith,  Thos.,  Leadgate,  Co.  Durham  Feb.  15, 1879 

100  Smith,  T.  F.,  Jun.,  Cinderford  Villas,  near  Ncwnham,  Gloucestershire  May    5, 1877 

101  Southern,  E.  O.,  Breeze  Hill,  Whitehaven   Dec.    5, 1874 

102  Southern,  Thomas,  Cwmaman  Colliery,  near  Aberdare,  South  Wales  Dec.  17, 1881 

103  Spbncb,  R.  F.,  Cramlington   Nov.  2,  1878 

104  Steatenson,  C.  H.,  Durham   April  14, 18S3 

105  Stobabt,  Henry  Temple,  Eton  Villa,  Saltburn-by-the-Sea  Oct.    2, 1880 

106  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street  Oct.    6, 1877 

107  Todd,  John  T.,  Hetton-le-Hole,  Fence  Houses  Nov.  4, 1876 

108  Todnbb,  W.  J.  S.,  33,  Beaumont  Street,  Elswick,  Newcastie-on-Tyno  Sept.  6, 1879 

109  TopnAM,  Edward  C,  Marsden,  South  Shields   Nov.   3, 1877 

110  Waugh,  Charles  L.,  The  Burroughes,  Cockermouth,  Cumberland...  Nov.  19, 1881 

111  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-on-Tyne   Nov.  4, 1876 

112  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street   Sept.  11, 1875 


(xliv) 


Snbscribm  uuber  gjje-Iato  9. 


1  Ashington  Colliery,  Ncwcastle-on-Tyne. 

2  Birtley  Iron  Company,  Birtley. 

3  Haswell  Colliery,  Fence  Houses. 

4  Hetton  Collieries,  Fence  Houses. 
6  Lambton  Collieries,  Fence  Houses. 

6  Londonderry  Collieries,  Seahara  Harbour. 

7  Marquess  of  Bute. 

8  North  Hetton  Colliery,  Fence  Houses. 

9  Ryhope  Colliery,  near  Sunderland. 

10  Seghill  Colliery,  Northumberland. 

11  South  Hetton  and  Morton  Collieries. 

12  Stella  Colliery,  Hedgefield,  Blaydon-on-Tyne. 

13  Throckley  Colliery,  Newcastle-on-Tyne. 

14  Victoria  Garesfield,  Lintz  Green. 
16  Wearmouth  Colliery,  Sunderland. 


CHARTER 

or 

THE   NORTH    OF  ENGLAND 

Institute  jof  gpiimj  autr  Jgcrjamral  €i\$mtm. 

FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,  187a 


jPldffrflt)  DY  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  whom 
these  Presents  shall  come,  Greeting  : 

Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of 
Iletton,  in  the  County  of  Durham,  Esquire  (since  deceased);  Thomas 
Emerson  Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased) ; 
Sir  George  Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton 
Hal],  in  the  said  County  of  Durham,  aud  Edward  Fen  wick  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loving  subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty-two, 
form  themselves  into  a  Society,  which  is  known  by  the  name  of  Tub 
North  of  England  Institute  op  Mining  and  Mechanical  Engineers, 
having  for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the  Ad- 
vancement of  the  Sciences  of  Mining  and  Engineering  generally,  of  which 
:c£ety  Lindsay  Wood,  of  Southill,  Chestur-le-Strcct,  in  the  County  of 
Durham,  Esquire,  is  the  present  President,  And  whereas  it  has  been 
farther  represented  to  us  that  the  Society  was  not  constituted  for  gain, 
and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
pecuniary  profit  from  its  prosperity ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property ; 
that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  of 
the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
community;  that  the  Society  has  since  its  establishment  diligently 
punned  its  aforesaid  objects,  and  in  so  doing  has  made  costly  experiments 
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and  researches  with  a  view  to  the  saving  of  life  by  improvements  in  the 
ventilation  of  mines,  by  ascertaining  the  conditions  under  which  the  safety 
lamp  may  be  relied  on  for  security ;  that  the  experiments  conducted  by 
the  Society  have  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  explosions;  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise, 
have  received  careful  and  continuous  attention,  while  the  improvements 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disastrous  falls  of  roof  underground,  and  the 
prevention  of  spontaneous  combustion  in  seams  of  coal  as  well  as  in  car- 
goes, and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  " over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  in  preserving  human  life  ;  that  the  Society  has  held  meetings  at  stated 
periods,  at  which  the  results  of  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions 
filling  many  volumes,  and  forming  in  itself  a  highly  valuable  Library  of 
scientific  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  Works  and  Collections  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  countries 
have  availed  themselves  of  the  facilities  atfurded  by  the  Society  fur  com- 
municating important  scientific  and  practical  discoveries,  and  thus  a  useful 
interchange  of  valuable  information  has  been  effected  ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour, 
and  the  details  of  which  are  recorded  in  the  successive  volumes  of 
the  Society's  Transactions,  have  led  to  large  and  important  advances 
in  the  practical  knowledge  of  that  subject,  and  that  the  Society's  re- 
searches have  tended  largely  to  increase  the  security  of  life ;  that  the 
Members  of  the  Society  exceed  «snu  in  number,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engineers  in  the  United  Kingdom.  AMD 
where  A3  in  order  to  secure  the  pn-jK-rty  of  the  Society,  and  to  extend  its 
useful  operations,  and  to  give  it  a  more  [KtfllllllUlti  establishment  among 
the  Scientific  Institutions  of  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lindsay  Wood,  and  other  the  present  Members  of  the  Society, 
and  to  those  who  shall  herc.ilUr  become  Members  thereof,  our  Royal 
Charter  of  Incorporation.  Now  know  ye  that  we,  being  desirous  of 
encouraging  a  design  so  laudable  and  salutary  of  our  special  grace,  cer- 
tain knowledge,  and  mere  motion,  have  willed  granted,  and  declared,  and 
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do,  hj  these  presents,  for  lis,  our  heirs,  and  successors,  will,  grant,  nnd 
declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving  sub- 
jects as  are  now  Members  of  the  said  Society,  and  such  others  as  shall 
from  time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  ahall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic  and 
corporate,  by  the  name  of  "The  North  of  England  Institute  op 
Mining  and  Mechanical  Engineers/'  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattel 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
statutes  and  mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectfully  at  the  rack  rent  which 
might  have  been  had  or  gutten  for  the  same  respectfully  at  the  time  of 
the  purchase  or  acquisition  thereof   And  we  do  hereby  grant  our 
especial  licence  and  authority  unto  all  and  every  person  ond  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments  not  exceeding 
with  the  lands,  tenements  or  hereditaments  so  purchased  or  previ- 
ously acquired  such  annual  value  as  aforesaid,  and  also  any  moneys, 
stocks,  securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of 
in  the  purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding 
the  like  annual  value.  And  we  fuhtheb  will,  grant,  and  declare,  that  the 
said  Society  shall  have  full  power  and  authority,  from  time  to  time,  to 
sell,  grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  they  shaU 
acquire  aa  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lauds,  tenements,  or  hereditaments  of  the  Society  shall  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Meeting.    And  our  will 
and  pleasure  is,  and  we  further  grant  and  declare  that  for  the  better  rule 
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and  government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  he  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  office-bearers  or  past  office-bearers  as  may 
be  directed  by  such  Bye-lavs  as  hereinafter  mentioned,  but  so  that  the 
Council,  including  all  ex-qffkio  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  ahall 
be  not  more  than  six  or  less  than  two  in  number.   And  we  do  hebedy 
further  will  and  declare  that  the  said  Lindsay  Wood  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  firBt  Treasurer  and  Sccretaiy,  and  the  persons  now  being  the  Members 
of  the  Council  stall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectfully  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.    And  wb 
do  hereby  further  will  and  declare  that,  subject  to  the  powers  by 
these  presents  vested  in  the  General  Meetings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.    And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say:  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
and  for  convening  the  same  and  regulating  tht  proceedings  thereat,  and 


for  regulating  the  manner  of  admitting  persona  to  bo  Members  of  (lie 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  penalties  for  non-performance  of  any 
auch  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to 
any  of  the  laws  of  our  Realm.  And  we  do  further  will  and  declare 
that  the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered 
by  a  General  Meeting,  provided  always  that  the  present  Rules  and  Regu- 
lations of  the  Society  and  any  future  Bye -laws  of  the  Society  so  to  be 
made  as  aforesaid  shall  have  no  force  or  effect  whatsoever  until  the  same 
shall  have  been  approved  in  writing  by  our  Secretary  of  State  for  the 
Home  Department.  In  witness  whereof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Ourself  at  our  Palace,  at  Westminster,  this  28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 
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THE  NORTH  OF  ENGLAND  INSTITUTE 

MINING  AND  MECHANICAL  ENGINEERS. 


BYE-LAWS 

PASSED  AT  A  GENERAL  MEETING  ON  THE  16th  JUNK.  1877. 


|d — The  members  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  shall  consist  of  four  classes,  viz.: — Original  Mem- 
bers, Ordinary  Members,  Associate  Members,  and  Honorary  Members, 
with  a  class  of  Students  attached. 

2.  — Original  Members  shall  be  those  who  were  Ordinary  Members 
on  the  1st  of  August,  1877. 

3.  — Ordinary  Members. — Every  candidate  for  admission  into  the 
class  of  Ordinary  Members,  or  for  transfer  into  that  class,  shall  come 
within  the  following  conditions  ; — He  shall  be  more  than  twenty-eight 
years  of  age,  have  been  regularly  educated  as  a  Mining  or  Median  in il 
Engineer,  or  in  some  other  recognised  branch  of  Engineering,  according 
to  the  usual  routine  of  pupilage,  and  have  had  subsequent  employment 
for  at  least  five  years  in  some  responsible  situation  as  an  Engineer,  or 
if  he  has  not  undergone  the  usual  routine  of  pupilage,  he  must  have 
practised  on  his  own  account  in  the  profession  of  an  Engineer  for  at  least 
five  years,  and  have  acquired  a  considerable  degree  of  eminence  in  the 
same. 

4.  — Associate  Members  shall  be  persons  practising  as  Mining  or 
Mechanical  Engineers,  or  in  some  other  recognised  branch  of  Engineering, 
and  other  persons  connected  with  or  interested  in  Mining  or  Engineering. 

5.  — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6.  — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  some  other  of  the 
recognised  branches  of  Engineering,  and  such  persons  may  continue 
Students  until  they  attain  the  age  of  twenty-three  years. 
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7.  — The  annual  subscription  of  each  Original  Member,  and  of  each 
Ordinary  Member  who  was  a  Student  ou  the  1st  of  August,  1877,  ehalJ 
be  £2  2s.,  of  each  Ordinary  Member  (except  as  last  mentioned)  £3  3s., 
of  each  Associate  Member  £2  2s.,  and  of  each  Student  £1  Is*,  payable 
in  advance,  and  shall  be  considered  due  on  election,  and  afterwards  on 
the  first  Saturday  in  August  of  each  year. 

8.  — Any  Member  may,  at  any  time,  compound  for  all  future  subscri 
tions  by  a  payment  of  £25,  where  the  annual  subscription  is  £3  3 
and  by  a  payment  of  £20  where  the  annual  subscription  is  £2  2s,  A 
persons  so  compounding  shall  be  Original,  Ordinary,  or  Associa 
Members  for  life,  as  the  case  may  be  ;  but  any  Associate  Member  for  H 
who  may  afterwards  desire  to  become  an  Ordinary  Member  for  life,  may 
do  so,  after  being  elected  in  the  manner  described  in  Bye-law  13,  and  on 
payment  of  the  further  sum  of  £5. 

9.  — Owners  of  Collieries,  Engineers,  Manufacturers,  and  Employers 
of  labour  generally,  may  subscribe  annually  to  the  funds  of  the  Institute, 
and  each  such  subscriber  of  £2  2s.  annually  shall  be  entitled  to  a  ticket 
to  admit  two  persons  to  the  rooms,  library,  meetings,  lectures,  and  public 
proceedings  of  the  Society ;  and  for  every  additional  £2  2s.,  subscribed 
annually,  two  other  persons  shall  be  admissible  up  to  the  number  of  ten 
persons ;  and  each  such  Subscriber  shall  also  be  entitled  for  each  £2  2s. 
subscription  to  have  a  copy  of  the  Proceedings  of  the  Institute  sent  to  htm* 

10.  — In  case  any  Member,  who  has  been  long  distinguished  in  his  pro- 
fessional career,  becomes  unable,  from  ill-health,  advanced  age,  or  other 
sufficient  cause,  to  carry  on  a  lucrative  practice,  the  Council  may,  on  the 
report  of  a  Sub-Committee  appointed  for  that  purpose,  if  they  find  good 
reason  for  the  remission  of  the  annual  subscription,  so  remit  it  They 
may  also  remit  any  arrears  which  are  due  from  a  member,  or  they  may 
accept  from  him  a  collection  of  books,  or  drawings,  or  models,  or  other 
contributions,  in  lieu  of  the  composition  mentioned  in  Bye-law  8,  and 
may  thereupon  constitute  him  a  Life  Member,  or  permit  him  to  resume 
his  former  rank  in  the  Institute, 

1 1.  — Persons  desirous  of  becoming  Ordinary  Members  shall  be  proposed 
and  recommended,  according  to  the  Form  A  in  the  Appendix,  in  which 
form  the  name,  usual  residence,  and  qualifications  of  the  candidate 
shall  be  distinctly  specified.  This  form  must  l>e  signed  by  the  proposer 
and  at  least  five  other  Urabera  certifying  a  personal  knowledge  of  the 
candidate.  The  proposal  so  made  being  delivered  to  the  Secretary,  shall 
be  submitted  to  the  Council,  who  on  approving  the  qualifications  shall 
determine  if  the  candidate  is  to  be  presented  for  ballot,  and  if  it  is  so  deter- 
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mined,  the  Chairman  of  the  Council  shall  sign  such  approbation.  The 
some  shall  be  read  at  the  next  Ordinary  General  Meeting,  anil  afterword* 
be  placed  in  some  conspicuous  situation  until  the  following  Ordinary 
General  Meeting,  when  the  candidate  shall  be  balloted  for. 

12. — Persons  desirous  of  being  admitted  into  the  Institute  aa  Associate 
Members,  or  Students,  shall  be  proposed  by  three  Members;  Honorary 
Members  shall  be  proposed  by  at  least  five  Members,  and  shall  in  addition 
be  recommended  by  the  Council,  who  shall  also  have  the  power  of  defining 
the  time  during  which,  and  the  circumstances  under  which,  they  shall  be 
Honorary  Members,  The  nomination  shall  be  in  writing,  and  signed  by 
the  proposers  (according  to  the  Form  B  in  the  Appendix),  and  shall  be 
submitted  to  the  first  Ordinary  General  Meeting  after  the  date  thereof, 
The  name  of  the  person  proposed  shall  be  exhibited  in  the  Society's  room 
until  the  next  Ordinary  General  Meeting,  when  the  candidate  shall  be 
balloted  for, 

IS. — Associate  Members  or  Students,  desirous  of  becoming  Ordinary 
Members,  shall  be  proposed  and  recommended  according  to  the  Form  0 
in  the  Appendix,  in  which  form  the  name,  usual  residence,  and  qualifi- 
cations of  the  candidate  shall  be  distinctly  specified.  This  form  must 
certify  a  personal  knowledge  of  the  candidate,  and  be  signed  by  the 
proposer  and  at  least  two  other  Members,  and  the  proposal  shall  then 
be  treated  in  the  manner  described  in  Bye-law  11.  Students  may  become 
Associate  Members  at  any  time  after  attaining  the  age  of  twenty-three 
on  payment  of  an  Associate  Member  s  subscription. 

14. — The  balloting  shall  be  conducted  in  the  following  manner : — 
Each  Member  attending  the  Meeting  at  which  a  ballot  is  to  take 
place  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of  the 
persons  to  be  balloted  for,  according  to  the  Form  D  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall 
aot  be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the 
presiding  Chairman  for  the  purpose,  and  such  scrutineers  shall  examine 
the  lists  so  returned,  and  inform  the  meeting  what  elections  have  been 
«.  No  candidate  shall  be  elected  unless  he  secures  the  votes  of  two- 
thirds  of  the  Members  voting. 

15. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  Form  E  in  the  Appendix,  enclosing 
at  the  same  time  a  copy  of  Form  F,  which  shall  be  returned  by  the 
person  elected,  signed,  and  accompanied  with  the  amount  of  his  annual 
subscription,  or  life  composition,  within  two  months  from  the  date  of 
ch  election,  which  otherwise  should  become  void. 
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1G. — Every  Ordinary  Member  elected  having  signed  a  declaration  in 
the  Form  F,  and  having  likewise  made  the  proper  payment,  shall  receive 
certificate  of  his  election. 

17.  — Any  person  whose  subscription  is  two  years  in  an  ear  shall  be 
reported  to  the  Council,  who  shall  direct  application  to  be  made  for  it, 
according  to  the  Form  G  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  Bnch  application,  the  Conncil 
shall  have  the  power,  after  remonstrance  by  letter,  according  to  the 
Form  H  in  the  Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be 
a  member, 

18.  — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members,  and  they  think  fit  to  draw  up  and  sign 
a  proposal  requiring  such  expulsion,  the  same  being  delivered  to  the 
Secretary,  shall  be  by  him  laid  before  the  Council  for  consideration.  If 
the  Council,  after  due  inquiry,  do  nut  find  reason  to  concur  in  the  pro- 
posal, no  entry  thereof  shall  he  made  in  any  minutes,  nor  shall  any  public 
discussion  thereon  be  permitted,  unless  by  requisition  signed  by  one-half 
the  Members  of  the  Institute  ;  but  if  the  Council  do  find  good  reason 
for  the  proposed  expulsion,  they  shall  direct  the  Secretary  to  address  a 
letter,  according  to  the  Form  I  in  the  Appendix,  to  the  person  proposed 
to  be  expelled,  advising  him  to  withdraw  from  the  Institute.  If  that 
advice  be  followed,  no  entry  on  the  minutes  nor  any  public  discussion  on 
the  subject  shall  be  permitted  ;  but  if  that  advice  be  not  followed,  nor  an 
explanation  given  which  is  satisfactory  to  the  Conncil,  they  shall  call  a 
General  Meeting  for  the  purpose  of  deciding  on  the  question  of  ex- 
pulsion ;  and  if  a  majority  of  the  persons  present  at  such  Meeting 
(provided  the  number  so  present  be  not  less  than  forty)  vote  that  such 
person  be  expelled,  the  Chairman  of  that  Meeting  shall  declare  the 
same  accordingly,  and  the  Secretary  shall  communicate  the  same  to  the 
person,  according  to  the  Form  J  in  the  Appendix, 

10.— The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Original,  Ordinary  and  Associate 
Members,  and  shall  consist  of  a  President,  six  Vice-Presidents,  and 
eighteen  Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Mem- 
bers of  the  Institute)  shall  constitute  the  Council.  The  President,  Vice- 
Presidents,  and  Councillors  shall  be  elected  at  the  Annual  Meeting  in 
August  (except  in  cases  of  vacancies)  and  shall  be  eligible  for  re-election, 
with  the  exception  of  any  President  or  Vice-President  who  may  have 
held  office  for  the  three  immediately  preceding  years,  and  such  six  Coun- 
cillors as  may  have  attended  the  fewest  Council  Meetings  during  the  past 


year;  but  such  Members  shall  be  eligible  for  re-election  after  being  one 
year  ont  of  office. 

20. — Tlie  Treasurer  and  the  Secretary  shall  be  appointed  by  the 
Council,  and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a 
General  Meeting.    One  and  the  same  person  may  hold  both  these  offices. 

21  > — Each  Original,  Ordinary,  and  Associate  Member  shall  Ije  at 
liberty  to  nominate  in  writing,  and  semi  to  the  Secretary  not  leas  than 
eight  ilajfl  prior  to  the  Ordinary  GtaOtfftl  Meeting  19  Jane,  fl  It'-,  ,  iluly 
signed,  of  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council,  for  the  ensuing  year.  The  Council  shall  prepare 
a  h'st  of  the  persons  so  nominated,  together  with  the  names  of  the  <  Micers 
for  the  current  year  eligible  lor  re-election,  and  of  such  other  Mem  tars  as 
they  deem  suitable  for  the  various  offices.  &ach  list  shall  comprise  the 
names  of  not  less  than  thirty.  The  list  so  prepared  by  the  Council  ►hall 
be  submitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting 
list  for  the  annual  election  in  August.  (See  Form  K  in  the  Appendix.) 
A  copy  of  this  list  shall  be  posted  at  least  seven  days  previous  to  the 
Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate  Member ;  who 
may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or 
names  of  any  other  person  or  persons  eligible  for  each  respective  office  \ 
but  the  number  of  persons  on  the  list,  after  such  erasure  or  substitution, 
ust  not  exceed  the  number  to  be  elected  to  the  respective  offices.  Paper* 
hich  do  not  accord  with  these  directions  shall  be  rejected  by  the  scruti- 
1*.  The  Votes  for  any  Members  who  may  not  be  elected  President  or 
Vice-Presidents  shall  count  for  them  as  Members  of  the  Council  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting 
ipeis,  and,  after  making  the  necessary  scrutiny,  destroy  the  same,  and 
"gn  and  hand  to  the  Chairman  a  list  of  the  elected  Officers*  The  balloting 
papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
he  handed  to  him,  or  to  the  Chairman  of  the  Meeting,  so  as  to  be  received 
fens  the  appointment  of  the  scrutineers  for  the  election  of  Officers. 

22.  — In  case  of  the  decease  or  resignation  of  any  Officer  or  Officers, 
the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be  filled  up, 
shall  present  to  the  next  Ordinary  General  Meeting  a  list  of  persons  whom 
they  nominate  as  suitable  for  the  vacant  offices,  and  a  new  Officer  or 
Officers  shall  l>e  elected  at  the  succeeding  Ordinary  Oneni]  Mr-King. 

23.  — The  President  shall  take  the  chair  at  all  meetings  of  the 
Institute,  the  Council,  and  Committees,  at  which  he  is  present  (he 

ing  tx-officio  a  member  of  all),  and  shall  regulate  and  keep  order  in  the 
roocedings. 


24.  — In  the  absence  of  tl.e  President,  it  shall  be  the  duty  of  the 
senior  Vice-President  present  to  preside  at  the  meetings  of  the  Institute, 
to  keep  order,  and  to  regulate  the  proceedings.  In  case  of  the  absence 
of  the  President  and  of  all  the  Yice-Presidents,  the  meeting  may  elect 
any  Member  of  Council,  or  in  case  of  their  absence,  any  Member  present, 
to  take  the  chair  at  the  meeting. 

25.  — The  Council  may  appoint  Committees  for  the  purpose  of  transact- 
ing any  particular  business,  or  of  investigating  specific  subjects  connected 
with  the  objects  of  the  Institute.  Such  Committees  shall  report  to  the 
Council,  who  shall  act  thereon  as  they  see  occasion. 

26.  — The  Treasurer  and  the  Secretary  shall  act  tinder  the  direction 
and  control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

27.  — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

28.  — The  Copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Cotincil. 

29.  — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  otherwise 
determined  by  the  Council;  and  the  Ordinary  General  Meeting  in  the 
month  of  August  shall  be  the  Annual  Meeting,  at  which  a  report  of  the 
proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year,  shall 
be  presented  by  the  Council.  A  Special  General  Meeting  shall  be  called 
whenever  the  Council  may  think  fit,  and  also  on  a  requisition  to  the 
Council,  signed  by  ten  or  more  Members.  The  business  of  a  Special 
Meeting  shall  be  confined  to  that  specified  in  the  notice  convening  it. 

30.  — At  meetings  of  the  Council,  five  shall  be  a  quorum.  The 
minutes  of  the  Council's  proceedings  shall  be  at  all  times  open  to  the 
inspection  of  the  Members. 

SL— All  Past- Presidents  shall  be  ex-officio  Members  of  the  Council  so 
long  as  they  continue  Members  of  the  Institute,  and  Vice-Presidents  who 
have  not  been  re-elected  or  have  become  ineligible  from  having  held  office 
for  three  consecutive  years,  shall  be  ex-officio  Members  of  the  Council  for 
the  following  year. 

S2. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  Meeting,  shall  oe  decided  by  the  votes  of  the  majority  of  the 
Original,  Ordinary,  and  Associate  Members  then  present. 
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— All  papers  shall  be  scut  ior  the  approval  of  the  Council  at  toast 
twelve  days  l>efore  a  General  Meeting,  and  after  approval,  shall  be  read 
before  the  Institute.  The  Council  shall  also  direct  whether  any  paper 
read  before  the  Institute  shall  be  printed  in  the  Transactions,  and  notice 
shall  be  given  to  the  writer  within  one  month  after  it  has  been  read, 
whether  it  is  to  be  printed  or  not. 

84. — All  proofs  of  reports  of  discussions,  forwarded  to  Mcmliers  fnr 
correction,  most  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

35. — The  Institute  is  not,  as  a  body,  responsible  for  the  Btaicments 
and  opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  dis- 
cussions which  may  take  place  at  the  meetings  of  the  Institute, 

86.  — Twelve  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use* 

87.  — Members  elected  at  any  meeting  between  the  Annual  Meeting 
shall  be  entitled  to  all  papers  issued  in  that  year,  so  soon  as  they  have 
signed  and  returned  Form  F,  and  paid  their  subscriptions. 

— The  Transactions  of  the  Institute  shall  not  be  forwarded  to 
Members  whose  subscriptions  are  more  than  one  year  in  arrcar. 

39.  — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  of  the  Members  unless  by  written  order  from  the  Council. 

40.  — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote.  Any 
Member  of  the  Institute  shall  also  have  power  to  introduce  two  Btrangers 
(see  Form  L)  to  any  General  Meeting,  but  they  shall  not  take  part  in  the 
proceedings  except  by  permission  of  the  Meeting. 

41.  — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  Ijc 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws, 

Approved, 

R.  ASSUETON  CROSS, 


WkUtkalh 

2nd  July,  1877. 


APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  find  Address  in  fall], 
being  upwards  of  twenty-eight  years  of  a^c,  and  desirous  of  being  elected 
an  Ordinary  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  I  recommend  him  from  prrsonal  knowledge  as  a 
person  in  every  respect  worthy  of  that  distinction,  because — 

{Here  tperffy  dittinctty  the  qualification*  of  the  Candidate,  according  to  the  epirit 

of  Jiye-iatD  &] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed  Member. 

Dated  this  day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being 
convinced  that  A*  B.  iu  in  every  respect  a  proper  person  to  be  admitted 
an  ordinary  Member. 

trqh  rtntso^AL  kxowlzdgl 


Five 
Members, 


[  To  be  fitted  up  ly  the  Council.] 

The  Council,  having  considered  the  above  recommendation,  pre^nt 
A.  H.  to  lie  balloted  for  as  a  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 


Signed 
1>iitcd  thiB  day  of 


 Chairman. 

It 


[FORM  B.j 

A.  B.  [Christian  Name,  Surname*  Occupation,  and  Address  in  Ml], 
being  desirous  of  admission  into  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  we,  the  undersigned,  propose  and  recommend 
that  he  shall  become  [an  Honorary  Member,  or  an  Associate  Member,  or 
a  Student]  thereof. 


Three* 

Membcis. 


If  An  Honorary  Member,  five  signatures  mre  necessary,  *nd  the  foUowing* 
Form  most  bo  tilled  in  hj  the  Council. 

Dated  this  day  of  18 


ITo  befitted  up  by  the  Council'} 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B,  to  be  balloted  for  as  an  Honorary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed  .Chairman, 
Dated  day  of  18 


[FORM  C] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  at  present  a  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers,  and  upwards  of  twenty-eight  years  of  age,  and 
being  desirous  of  becoming  an  Ordinary  Member  of  the  said  Institute,  I 
recommend  him,  from  personal  knowledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  because— 

[litre  specify  distinctly  the  Qualification*  of  the  Candidate  according  to  the  spirit 

of  Bye-law  5.J 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed  Member, 

Dated  this  day  of  18 

Wc,  the  undersigned,  concur  in  the  above  recommendation,  being 


convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  Ordinary  Member. 


( 


Two 
f  Members. 


[To  befitted  up  by  the  Council] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  D.  to  be  balloted  for  as  an  Ordinary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers, 

s'£ncd  .Chairman* 

Dated  day  of  18 


[FORM  R] 

List  of  the  names  of  persons  to  be  balloted  for  at  the  Meeting  on 
,  the  day  of  18 

Ordinary  Members:  — 


Associate  Members:— 


Honorary  Memoers:— 


STUDENTS:— 


Strike  out  the  names  of  such  persons  m  you  desire  should  not  be 
elected,  and  hand  the  list  to  the  Chairman. 

[FORM  E.] 

Sir, — I  beg  leave  to  inform  you  that  on  the         day  of 
you  were  elected  ft  of  the  North  of  England  Institute  of 

Mining  and  Mechanical  Engineers,  but  in  conformity  with  its  Rule*  your 
election  cannot  be  confirmed  until  the  enclosed  form  be  returned  to  mo 


with  your  signature,  and  until  your  first  annual  subscription  be  paid,  the 
amount  of  which  is  £  ,  or,  at  your  option,  the  life-composition 

of£ 

If  the  subscription  is  not  received  within  two  months  from  the  present 
date,  the  election  will  become  void  under  Bye-law  15. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  F.1 

I,  the  undersigned,  being  elected  a  of  the  North 

of  England  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  will  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being ;  and  that  1  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  any 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  bo  a  Member. 

Witness  my  hand  this  day  of  18 


[FORM  G,] 

Bin, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annua* 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid*  and  that  you 
are  in  consequence  in  aiTear  of  subscription,  I  am  also  directed  to 
request  that  yon  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above 
referred  to, 

I  am,  Sir, 

Yours  faithfully, 

Secretary 

Dated  18 

i 


[TO  KM  H.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  mul  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  or 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the  day  of 
next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
mcnt  of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  I.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Dye-law  18. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  J.] 

Sin, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a 
Special  General  Meeting  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineez*s,  held  on  the  day  of 

18      ,  according  to  the  provisions  of  Rye-law  18 
you  have  ceased  U>  lc  a  Member  of  the  Institute. 

I  am.  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


(iriii) 

[FORM  K] 
BALLOTING  LIST, 

Ballot  to  tahe  place  it  the  Meeting  of  18         at  Two  o'ClocV. 

P&esidett — Os 8  Naub  onl j  to  be  returned,  or  the  vote  will  Ijo  lost 
  President  for  the  current  year  eligible  for  re-election. 

  Now  Nominations. 

YiCi-PfiiJiDurn — Six  Naxh  only  to  be  returned,  or  the  vote 
will  be  lost. 

The  Votes  for  any  Members  who  may  not  be  elected  ai 
President  or  Vice 'Presidents  will  connt  for  them  as  other  Members 
of  the  Council, 


election. 


>  New  Nomination*. 


Cocxcil — Eiqhtbkn  Naves  only  to  bo  returned!  or  the  veto 
will  be  lost. 


Vice-Presidents  for  the  current  year  eligible  for  re-  | 


] 

& 

-  $ 

i  £ 

1° 


.  3  fl 
S  S  i 
|  P  3 

£  u  | 

5  i  3 

H  2  i 


L  Members  of  the  Council  for  the  current  year  eligible  fur 

re-election.  ^ 


I 
* 

i 


N\w  Nominations. 


Extract  from  Bye-law  21. 

Each  Original,  Ordinary,  ud  AwochUe  Member  ahall  be  ml  liberty  to 
aovtoat*  iu  writing,  and  send  to  the  Secretary  not  len  than  eight  days  prior 
W  lb*  Ordinary  Gondii  Mi't-tiii*  in  Juim,  a  li-r.  duly  ligned,  oi  Member* 
tuitaMo  to  liU  thu  Office*  <jf  Provident*  Vloe-lVeeideuta.  and  Member*  nf 
Car  the  eaiulng  year.  The  Council  Khali  proparc  a  tint  of  tlio  per*»rt* 
■o  aominatt*l.  together  with  the  names  of  the  Offlcerv  for  the  rum. til  yvur 
l^fOfci*  for  re-election,  anil  of  »uch  other  Muuibtxm  u*  they  Jli-ui  mitalilu  (<  r 
the  rmriottft  offlco.  ftuch  lUt  nball  Cora  prims  the  tiaiuei  of  not  leaf  than  thlrt* 
The  tut  «o  prepared  by  the  Council  AbaJJ  !■«  imbmilUjd  to  the  Uviurul  M<Hn  ^ 
Jw»  and  aliall  be  th«  balloting  hit  fur  tbr  niuiuui  uirct.oit  La  August  ijm.« 
Visa  K  Ui  the  Appendix.)  AeopyoltuU  Uat  shall  t»e  i  L*ud  ut  iuiwi  i^^btj  d^>« 


pre?  font  to  I  he  Annual  Meet  tar,  to  everj  Original,  Ordinary,  and  A  nod  ate  Member: 
wbo  may  eri«  any  name  or  num*  from  tbu  ii«t,  and  *u>j«tktuU:  the  naiuu  i  it  name*  nf 
Any  other  penon  or  ner»ona  dijciMu  for  tauih  rvupectlte  ofttoc ;  but  the  number  of 
|*non«  on  the  liat.afW  inch  enuure  or  KuhiititMtitin,  nnmt  not  exceed  the  xiwidn-r  to 
be  elected  to  the  n  *|^x  ttit  office*.  Pajien*  which  do  nut  accord  with  tbtwe  directions 
fhall  be  rejectod  by  thu  f  ciutnuscr*.  The  vote*  (or  any  Mcmbvxa  who  may  not  bo 
elected  I'rtKhU  nt  «t  Vico-l'rcflidcnti  thall  courjt  for  them  as  Members  of  the  Council. 
Tin  ( tmirman  shall  apnoint  foot  Scrutineer* ,  who  flli&U  receive  the  balloting  i>a|»era, 
and  after  making  thu  new  wary  tcrutmy  destroy  the  aame,  and  sign  and  bund  to 
the  Chairman  a  list  of  tho  elected  Officer*.  The  balloting  paper*  may  be  nv 
(i mud  through  the  post,  addrea«ed  Lo  tbu  tiecretary,  or  be  handed  to  hint,  or  to 
the  Chairman  of  the  Meeting,  bo  am  tn  ho  received  Urfure  the  appointment  of  tiio 
Scrutineer!  for  Lhe  election  of  Officer*. 


Names  substituted  for  any  of  tin?  nbore  are  to  be  written  in  tho  blank 
spaces  opposite  those  they  arc  intended  to  supersede* 

Tlio  following  Members  are  ineligible  from  cause*  specified  in 
Dye-law  19:— 

A3  PllKSlBUTT  

A3  Vicb- President  

AS  C0TJ5CI1L0ES__.  „    


[FORM  LO 

Admit 

of 

to  the  Meeting  on  Saturday,  the 
(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock, 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Insti!  ute 
of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised 
publication  of  the  Proceedings* 

(Signature  of  Visitor) 

Not  transferable. 


with  your  signature,  and  until  your  first  annual  subscription  be  paid,  ihc 
amount  of  which  is  £  ,  or,  at  your  option,  the  life-composition 

of£ 

If  the  subscription  is  not  received  within  two  months  from  the  present 
date,  the  election  will  become  void  under  Bye-law  1 5. 

I  am,  Sir, 

Yours  faithfully, 

Secretary* 

Dated  18 


fFORM  F.J 

I,  the  undersigned,  being  elected  a  of  the  North 

of  England  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  wfll  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being ;  and  that  I  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  any 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  paymeut  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  be  a  Member* 

Witness  my  hand  this  day  of  18 


[FORM  G.] 

Sill, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annua, 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid,  and  that  you 
are  in  consequence  in  arrear  of  subscription.  I  am  also  airecietl  to 
request  that  you  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  Ly  the  Article  above 
referred  to. 

I  am,  Sir, 

Yours  faithfully, 

Secretary 

Dated  18 


[FOitM  IT.] 

Sib, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  or 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the         day  of 

neit,  tbey  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
ment of  the  arrears  due  from  you, 

I  am,  Sir, 

Yours  faithfully, 

Secretary, 

Dated  18 


[FORM  I.] 

firjfc, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Bye-law  18. 

I  am,  Sir, 

Yours  faithfully* 

Secretary. 

Dated  IS 


[FORM  J.] 

Sin,— It  is  my  dnty  to  inform  you  that,  under  a  resolution  jmssed  at  a 
tSpecial  General  Meeting  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  held  on  the  day  of 

18      ,  according  to  the  provisions  of  Bye-law  18 
you  have  ceased  to  be  a  Member  of  the  Institute, 

1  am,  Sir, 

Yours  faithfully. 

Secret nrt\ 

Duted  16 


(kin) 
[FORM  K,] 

BALLOTING  LIST, 


Ballot  to  (sice  place  at  the  Meeting  of  18  at  Two  o'Cloclt. 

Pueidekt — Oxa  Name  only  to  be  returned,  or  the  vote  will  he  lost, 
  President  for  the  current  year  eligible  for  re-election. 

j  New  Nomination*. 

Vioa-PaiiiOEjrTS— Six  Nahss  only  to  be  returned,  or  the  vote 
will  be  lost. 

The  Votes  for  any  Members  who  may  not  be  elected  as 
President  or  Vice  Presidents  will  count  for  them  as  other  Members 
of  the  Council, 


j 


(  Vice-Presidents  for  the  current  year  eligible  for  re* 
election. 


New  Nominations. 


CovrciL—  Eighth*  Names  only  to  be  returned,  or  the  vote 
will  be  lost* 

 1 


Members  of  the  Council  for  the  eurreut  year  eligible  for 
re-election. 


j 
I 

|  ft 

1 8 
* 1 

¥  z 
1° 

I 

3 


i 

B 

1 

s 

o 
> 

Mi 

H  * 

£  8  | 

u  m 

h  w  a 

a  s  | 

to  M  £ 

si 

£ 


1 


New  Nomi nations. 


Extract  from  Bye-law  21, 

boh  Origin*!,  Ordinary.  A»ociate  Member  shall  bo  »t  liberty  to 
nominate  in  writing,  and  aaud  to  the  Secretary  not  loss  than  eight  day*  prinr 
to  the  Ordinary  Optimal  Mooting  in  June,  m  list,  duly  nltfiiril,  of  Member* 
to  BU  tbo  Offloos  of  President,  Vice -Preside  tits,  and  Members  of 
Council,  for  the  ensuing  year,  The  Council  Khali  | in-pure  a  list  of  the  persons 
im  btuulnAted,  together  With  the  tuwuch  of  the  UtHccri  to*  thu  current  yi-nr 
citable  for  ro-okotloa,  and  of  such  other  M  umber*  as  they  Ucem  suitable  br 
the  wiaai  offices.  Such  Hat  shall  comprise  the  mimo*  ut  not  has  than  thirti 
The  list  so  prepared  by  the  Council  *hall  he  submitted  to  I  he  OvuituI  Mmllurf 
In  4unr%  and  shall  b*  the  balloting  but  fur  the  niuniai  ^lect.on  in  August.  \ts*xe 
•Win  K  in  the  Appendix.)  A  Dory  ui  this  bat  shall  be  \  ohUo.  at  i«*st  mvini  d«yi 


(Ixiv) 


previous  to  the  Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate-  Monitor : 
who  may  erase  any  name  or  names  from  the  List,  and  substitute  the  name  or  names  of 
any  other  person  or  persons  eligible  for  each  respective  office ;  but  the  u  umber  of 
persons  on  the  list,after  such  erasure  or  substitution,  must  not  exceed  the  number  to 
be  elected  to  the  respective  offices.  Papers  which  do  not  accord  with  these  directions 
shall  be  rejected  by  the  Scrutineers.  The  votes  for  any  Members  who  may  not  bo 
elected  President  or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council. 
The  Chairman  shall  appoint  four  Scrutineers,  who  shall  receive  the  balloting  paiiers, 
and  after  making  the  necessary  scrutiny  destroythe  same,  and  sign  and  hand  to 
the  Chairman  a  list  of  the  elected  Officers.  The  balloting  papers  may  be  re- 
turned through  the  post,  addressed  to  the  Secretary,  or  be  handed  to  him,  or  to 
the  Chairman  of  the  Meeting,  so  as  to  be  received  before  the  appointment  of  the 
Scrutineers  for  the  election  of  Officers. 


Names  substituted  for  any  of  the  above  are  to  be  written  in  the  blank 
spaces  opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified  in 
Bye-law  19:— 

AS  PfiKSIDKNT  

As  Vicb-Pbksidbnt  _  

As  Cotjitcillobs  


[FOEM  L.] 

Admit 
of 

to  the  Meeting  on  Saturday,  the 
(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised 
publication  of  the  Proceedings. 

(Signature  of  Visitor) 

Not  transferable. 


NORTH  OF  ENGLAND  INSTITUTE 

tm 

MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL  MEETING,  SATURDAY.  OCTOBER  Hth,  1882,  IN  THE 
WOOD  MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEO,  B.  FORSTER,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  preceding  meeting,  and 
reported  tLe  proceedings  of  the  Council. 

A  list  of  persons  nominated  to  fill  the  vacancy  in  the  Council,  caused 
by  the  death  of  Mr.  W,  R.  Cole,  was  submitted  to  the  meeting  in  pur- 
suance of  Bye-law  22. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated:— 

Associate  Members— 

Mr.  Joseph  Proud*  South  Hetton  Colliery  Offices,  Sunderland, 
Mr.  GBOnOE  Benson  MoxEnorsE,  Accountant,  Ne w castle- on -Tyne, 
Mr.  W.  R.  Dakhhs,  Chilton  Colliery,  Ferryhill, 

Student — 

Mr.  Colli>*  Cole,  Bcbsidc  Colliery,  Northumberland. 

The  following  were  nominated  for  election  at  the  next  meeting: — 

Ordinary  Members— 
Mr.  Sydney  Ferris  Walker,  Electrical  Engineer,  195,  Severn  Road, 
Canton,  Cardiff. 

Mr.  Charltob,  Messrs,  Hawks,  Cratvslmy,  and  Co.,  Gateshead. 
Mr.  William  Jornsoic,  M.E.,  West  Stanley  Colliery,  ChcsiU'r-lc-Stroet. 
Mr.  Johst  E.  Cochrane,  lletton-le-Hole,  Fence,  Honses. 

VOL,  3CXXn._l*!t,  A 


PROCEEDINGS. 


Associate  Members — 

Mr.  Chables  Davison,  Cornsay  Colliery,  near  Esh,  Durham. 

Mr.  John  Walks  Lavbrick,  Middridge  Colliery,  Shildon,  via  Darlington. 

Mr.  Frederick  Berkley,  M.E.,  Morton  Colliery,  near  Sunderland. 

Mr.  John  Liddell,  Coal  Owner,  Ncwcastle-on-Tyne. 

Mr.  Thomas  Hugh  Bell,  Coal  Owner,  Middlesbrough-on-Tees. 

Mr.  Henry  Gbebnkr,  South  Pontop  Colliery,  Annfield  Plain. 

Mr.  C.  W.  C.  Henderson,  Coal  Owner,  The  Riding,  Hexham. 

Mr.  C.  J.  Bates,  Coal  Owner,  Heddon  Banks,  near  Wylam. 

Mr.  Arthtr  Pease,  M.P.,  Coal  Owner,  Darlington. 

Mr.  Robert  Watson,  North  Seaton,  Morpeth. 

Mr.  Geo.  J.  Scurvibld,  Hurworth-upon-Tee*,  Darlington. 

Students — 

Mr.  William  Ridley,  South  Tanfleld  Colliery,  Chester-le-Street. 
Mr.  James  Mill  Crawford,  Murton  Colliery,  near  Sunderland. 


Mr.  Chaules  Tylden-Wright,  F.G.S,  then  read  the  following 
paper  on  "The  Channel  Tunnel:" — 


THE  CHANNKL  TUNNEL. 


B 


THE  CHANNEL  TUNNEL* 


My  CHARLES  TVLDKX-WUIOHT,  F.(i.S. 


This  subject,  which  has  excited  so  much  interest  from  an  engineering 
as  well  as  a  political  and  commercial  point  of  view,  has  already  been 
discussed  at  the  meetings  of  the  British  Association  anrl  before  numerous 
scientific  societies;  but  the  questions  and  difficulties  connected  with  it 
fall  so  much  more  within  the  province  of  the  mining  than  of  any  other 
profession,  that  the  discussion  which  should  follow  the  reading  of  I  his 
paper  will  go  far  to  prove  whether  the  scheme  is  as  feasible  as  its  promoters 
believe  it  to  be,  or  as  hopeless  its  it  was  considered  five  years  since. 
Having  had  special  facilities  for  visiting  the  experimental  works  at  Dover 
and  Sangatte,  the  writer  now  lays  before  the  Institute  some  drawings 
and  notes  on  the  subject. 

It  may  conveniently  be  divided  into  live  sections: — 
1. — General  description, 

2- — Geological  formation  through  which  it  will  be  carried. 

3.  — Machinery  for  driving  the  tunnel. 

4.  — Temporary  aiid  permanent  haulage. 

5.  — Temporary  and  permanent  ventilation. 

|>— GENERAL  DESCRIPTION, 
It  is  proposed  to  carry  the  tunnel,  or  tunnels,  entirely  in  the  grey 
chalk,  at  a  depth  of  not  less  than  150  feet  below  the  sea  bottom. 

For  a  distance  of  two  miles  on  each  side  it  will  descend  at  a  gradient 
of  1  in  80,  and  then  rise  to  the  centre  of  the  Channel  at  a  gradient  of  1 
in  2,000 ;  so  that  any  water  that  may  be  cat  will  run  back  within  two 
miles  of  the  shore ;  and  pumping  engines,  worked  by  compressed  air, 
will  either  be  fixed  there,  or  a  water  level  carried  to  laud  and  pumps 
fixed  over  it.  This  arrangement  would  provide  one  of  the  numerous 
methods  of  closing  the  tunnel  at  any  time  without  permanently  injuring  it. 

It  is  an  open  question  whether  it  is  desirable  to  drive  a  single 
tunnel  of,  say  24  feet  diameter,  for  two  lines  of  rails,  or  two  tunnels  of 
H  feet  each,  but  the  arguments  appear  to  be  in  favour  of  two  tunnels, 
for  the  following  reasons : — 


[FOrtM  R] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  iu  pursuance  of 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the  day  of 
next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute, 

Bat,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
ment of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  L] 

Pra, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Byc-law  18. 

I  am,  Sir, 

Yours  faithfully. 

Secretary* 

Dated  16 


[FORM  J.] 

Sitt, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a 
Special  General  Meeting  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  held  on  the  day  of 

18      ,  according  to  the  provisions  of  Bye-law  18 
you  have  ceased  to  be  n  Member  of  the  Institute* 

I  am,  Sir, 

Yours  faithfully, 

Secretary, 

Dated  ]  A 


[FORM  K.] 
BALLOTING  LIST. 


Ballot  to  Lake  plac*  at  the  Meeting  of 


18 


at  Two  o'clock. 


P&23IDEFT — One  Nam*  only  to  be  returned,  or  the  rote  will  be  tost, 
  President  for  the  current  jear  eligible  for  re-election. 

"  |  New  Nominations. 

ViCE.PnfcaiDWTS — Sri  Names  only  to  be  returned,  or  the  vote 
will  be  lost* 

The  Vote*  for  any  Member*  who  may  not  be  elected  ai 
President  or  Vice-Presidents  will  count  for  them  ai  other  Member* 
of  the  Council 


Vice-Presidents  for  the  current  year  eligible  for  re- 
election* 


>  New  Nomination*. 


Cocxcil— Eighties  Naurs  only  to  be  returned,  or  the  vote 
will  be  lost. 


I  Members  of  the  Council  for  the  current  year  eligible  for 
re -election* 


New  Nominations. 


Extract  from  Bye-law  21. 

Each  Original.  Ordinary,  and  Associate  Member  shall  bo  at  liberty  to 
nominate  lu  writing,  and  send  to  the  Secretary  not  leu  than  eight  dan  prior 
to  the  Ordinary  General  Meeting  in  June,  a  hit,  duly  signed,  {if  Mm i bent 
fruiUiilc  to  rill  the  Offices  of  JJrt*idiiit,  Vice-Presidents,  hjj.]  Member*  <-f 
Council,  for  the  cum  Lug  year.  The  Council  thai  I  iji-uparc  a  liMt  <?f  the  person  i 
■a  naaun&ted.  together  with  the  names  of  the  Officers  for  the  current  your 
eligible  for  re-election,  and  of  such  other  Members  as  they  deem  luritahle  fi.r 
this  ration*  offices.  Such  list  shall  comprise  the  name*  of  not  Ivsa  than  thtrin 
Tile  list  an  prepariM  hy  Lhu  Council  «hajl  be  lubmiLUd  lo  lhu  Gumml  Meeting 
In  Jun<s  and  •hail  be  the  balloting  list  Tor  the  mum^l  civet,  uh  iu  August,  (buv 
Viuiii  J£  in  the  Appeudiaj   Aco|<yotthis  list  shall  be  i^tv.i  at  !cut  *h<ju  4^>  i 


(Lxiv) 

prrTlmi*  to  the  Anrmal  Meet  Hi*,  torrery  Ordinal,  Ord Injur,  an<l  Awoclnlo  MemWr : 
who  may  enw  any  name  or  naou»  from  thv  11*%,  ami  »uti#titut«  tho  name  or  nam**  of 
any  other  jxrsoti  <-r  wiwirts  eligible  for  e*ch  r<i*t>ecUve  ofteu ;  nut  the  tmmhur  of 
person*  ou  the  liAt.afur  fuch  vnuun-  or  nqt^tltution.  mo*t  nut  exceed  the  unmix  r  to 
i>o  eteeu-d  l.'tStn  . -ivx  Hvlm  tJina  I'i|ho  whit  h  do  not  accord  with  tl.«*cd4rtxtkitm 
ahaU  be  rejects  by  the  eciutiiiecr*.  The  fole*  1'<t  a:>y  M»-ml » t.h  wlm  ni.iy  not  l«j 
t-UxrUd  rr<*identorVicfr  FrcableiiU  hhall  count  for  tbciu  a*  Member*  of  Uw  OouoeiL 
The  Chairman  fhall  api^oint  four  tfcrutiuixTi.  who  shall  receive  the  balloting  |n»i-f  i  n. 
*n<l  after  making  the  nccc-wary  Bcmliny  destroy  the  uuie,  anil  t\gn  and  band  to 
the  Chairman  a  Uit  of  the  elected  Officer*.  Th«  balloting  papvn  iuay  Ik*  re- 
turned through  the  prel.  a4dreaacd  to  the  ttocru tary,  or  he  banded  to  him,  or  to 
the  Chairman  of  the  Mm  tine,  ao  a«  m  bo  received  before  the  afpohiLiueoi  of  lav 
Scrutineer*  for  the  election  of  Officers. 


Names  snbatitnted  for  any  of  Llio  above  arc  to  bo  written  in  tlio  blank 
spaces  opposite  those  they  arc  intended  to  snpvrsede. 

The  following  Members  are  ineligible  from  causes  specified  in 
Dye- law  19:— 

As  President  

As  Vicb-Phbsident  _  

AS  COUKCIIXOES   


[FORM  L.] 

Admit 
of 

to  the  Meeting  on  Saturday,  ihe 
(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  Enghnd  Institute 
of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthor  ised 
publication  of  the  Proceedings, 

(Signature  of  Visitor) 

Not,  lrau?ferable. 


with  your  signature,  and  until  yonr  first  annual  subscription  be  paid,  the 
amount  of  which  is  JE  ,  or,  at  your  option,  the  life-composition 

of  £ 

If  the  subscription  is  not  received  within  two  months  from  the  present 
date,  the  election  will  become  void  under  Bye-law  15. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  F.] 

I,  the  undersigned,  being  elected  a  of  the  North 

of  England  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  will  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being ;  and  that  1  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  an  y 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this  day  of  18 


[FORM  G.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annua, 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid,  and  that  you 
are  iu  consequence  in  aiTear  of  subscription,  I  am  also  airected  to 
request  that  you  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above 
referred  to. 

I  am,  Sir, 

Yours  faithfully, 

Secretary 

Dated  18 

t 


[FOKM  H.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  of 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the  day  of 
next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
ment of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  I.] 

Sra, — I  am  directed  by  Lhe  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  iuforra  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  rclat  ivo  to 
yon,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Bye-law  18. 

I  am,  Sir, 

Tours  faithfully, 

Secretary, 

Dated  18 


[FORM  J.] 

8in, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a 
Special  General  Meeting  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  held  on  the  day  of 

18      ,  according  to  the  provisions  of  Byc-law  18 
you  have  ceased  U>  be  n  Member  of  the  Institute, 

I  run,  Sir, 

Yours  faithfully. 

Secretary. 

Dated  18 


(lriii) 

[FORM  K.] 
BALLOTING  LIST. 

Ballot  to  take  place  at  the  Meeting  of  18         at  Two  o'Cloc*. 

Peksiokht — Osb  Nam  a  only  to  be  returned,  or  the  vote  will  1*  lost 
  President  for  the  current  year  eligible  for  re-elect  loo* 

~  j  New  Nomination*, 

Vice«Pr33Idxnt3— Si  i  Names  only  to  be  returned,  or  the  voto 
will  be  lost* 

The  Votes  for  any  Members  who  may  not  be  elected  as 
President  or  Vice-Presidents  will  count  for  them  as  other  Members 
of  the  Council, 


Vice- Presidents  for  the  current  year  eligible  for  re- 
election. 


►  New  Nominations. 


Co rxcri — Eig htbb#  Names  only  to  be  returned,  or  the  vote 
will  be  lost. 

 *\ 


i 

S 

i 

! 


2  H 


5  e 
%  Z 


*  New  Nominations. 


Extract  from  Bye~Iaw  21. 

Each  Original,  Ordinary,  and  Associate  Member  shall  be  at  liberty  to 
Inate  in  writing,  and  send  to  the  Becratary  not  Jess  than  eight  days  prior 
to  the  Ordinary  General  Meeting  Id  June,  a  list,  duly  nlgncd,  of  Member* 
mailable  to  fill  tb*  Offices  of  President,  Vice -Presidents,  and  Mem  U  riel  of 
Council,  i.<r  1L.  •  •••  m  ;  .  ur  The  Cuuncil  Fhali  [impure  a  list  uf  the  person* 
aw  n*rminatJ-i  Lcmwthr?  with  the  names  of  the  Officers  /or  t lit?  current  year 
eligible  for  re^Jcetiim,  and  of  mob  other  Members  as  they  deetu  mi  (table  U.r 
Ihu  various  offices,  tiuch  list  shall  comprise  the  tiumut  at  nut  lesi  than  thirl  > 
11.  li  t  -  |  r<- pared  by  tUe  Crjimeii  diiil!  U-  jml.itnlted  tu  the  (jcmral  Meeth^ 
lu  Juiu»,  and  »naU  be  Ihe  balMimj  li-st  for  the  unmi-d  wlect  on  m  Angn*L  is*.** 
«oxii4  ix  in  the  Appendix.)  A  oopy  uC  tbii  list  shall  be  fostud  at  '.vmi  svrnu  days 


I 

I 


Members  of  the  Conncil  for  the  current  year  eligible  for 
re-election. 


3 


s  i 

ill 
o  5  I 

ill 

i £ ! 

H     M  J 

S3  C 

a  £  « 

IS 
E 
■ 
CO 


(Mr) 

prrrtoui  to  the  A mm  a]  Meet mg.  t n  every  O r . .  i  i  . d  i  '> -1  in ary.  and  A mori ate  Men kU-f : 
wbo  may  enuo  any  name  or  name*  from  the  lint,  ami  substitute  the  name  or  names  of 
■Jiy  other  person  or  rerf  .ini  eligible  tor  vnxh  r«|)ecUve  olhce  ;  but  the  unml-er  of 
[WiuDtDh  the  liat, aftrmiich  iiiiMin  ur-uLdtltutiuti,  luuAt  not  exceed  the  miiiiWr  Ut 
F>e  elected  to  the  n»|M>  t  Lvt-  *ilticx*.  ra^er*  which  iln  nut  accord  with  these  ihn-etiona 
shall  be  rejected  hy  the  *crutkiH«r*.  The  voUv  f«>r  any  Members  who  mny  not  bo 
elected  ('resident  or  Vtce-l'raideuU  *.hall  count  fur  them  iw  MtusU  r*  .  <t  t  itv  i \>u  ncLL 
ThuCh airman  fhall  appoint  huirftcrutimim,  who  xha.lL  r*  ivin:  the  kiallulim;  p^hts, 
fin.]  urtir  iLinkitm  Lhu  neti  .:,>ry  serutUij  Jt*truy  the  mmm  Wd  kifii  *»d  haw  J  to 
the  Chairman  a  list  of  th«  dueled  Officer*.  The  balloting  paper*  may  be  to- 
tunuxl  through  the  post,  addressed  to  the  Secretary,  or  bo  handed  to  him.  or  to 
the  Chairman  of  the  Meeting,  so  as  to  be  rcoairt-d  beiure  tho  appointment  of  tiio 
8cmlineew  for  the  election  id  Officers. 


Narnea  tubstihitetl  for  anv  of  the  above  are  if)  be  written  in  the  blank 
apacea  opposite  those  they  are  intended  to  super&eUe. 

The  following  Members  are  ineligible  from  cause*  specified  in 
Ilye-law  19 

As  PjUtSIDIHT  _  . 

As  Vice- President  .  

As  Coukcillojis  


[FORM  L.] 

Admit 
of 

to  the  Meeting  on  Saturday,  the 
(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers,  aud  not  to  aid  in  any  uuuulhoused 
publication  of  the  Proceedings, 

(Signature  of  Visitor) 

Net  transferable, 


NORTH  OF  ENGLAND  INSTITUTE 

MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL  MEETING,  SATURDAY,  OCTOHEK  11th.  1H82,  IN  Till': 
WOOD  MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEO.  B.  FORSTER,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  preceding  meeting,  and 
reported  the  proceedings  of  the  Council, 

A  list  of  persons  nominated  to  fill  the  vacancy  in  the  Council,  caused 
by  the  death  of  Mr.  W.  R.  Cole,  was  submitted  to  the  meeting  in  pur- 
suance of  Bye-law  22. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated:— 

Associate  Members— 

Mr.  Joseph  Pbovd,  South  Hetton  CoUiery  Office,  Sunderland. 
Mr.  George  Benson  MoNKnorsE,  Accountant.  Newcastle-on-Tyne. 
Mr.  W.  R.  Dakke:*,  Chilton  Colliery,  Ferryhul 

STtTDKBTT — 

Mr.  Colujt  CoLH,  Bebsidc  Collierr,  Northumberland. 

The  following  were  nominated  for  election  at  the  next  meeting: — 

Ordinary  Members — 
Mr.  STDNBY  Fkrkjs  Walker,  Electrical  Engineer,  195,  Severn  R  ad, 
Canton,  Cardiff. 

Mr.  Charlton,  Messrs.  Hawks,  OrawshaT,  and  Co.,  Gateshead. 
Mr*  WHXIAM  Johnson,  M.E.,  Wwt  Stanley  Colliery,  Chester- 1c- Street. 
Mr,  Joiih  E.  Cochrane,  Hetton-le-Hole,  Fence  How** 

vni,.mn,-iMs.  A 
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THE  CHANNEL  TUNNEL. 


TRIALS. 
•Tax  taut  2Un  and  25th, 


To  determine  the  quantity  of  fuel  consumed,  indicated* horse-power  of  compressing 
engine*,  and  correal*  Hiding  power  given  off  by  the  locomotive,  the  pressure  of  air  in 
the  locomotive  being-  maintained  constant  at  1,000  lbs.  and  760  lbs.  per  square  inch. 


Duration  of  trial  ...       ...                          ,,,  ... 

1,000  lb*. 
4  0 

750  lbs. 

H.  If. 

4  O 

prtni  ^nBnw^i  1  Under  main  boiler     ...  ... 

met  consnmeu  }  To  heat  expiflfi^ilt  inthelocouiotive 

cwts.  lbs. 
10  66 

62 

cwts.  lbs, 
10  0 
44 

INDICATED  POWER  OF  COMrilEHULNO  E  NO  J  NEB— 

Total  number  of  revolutions   

Average  per  minute  . 

1U73 
478 

12,062 
60  21 

H.P.  developed  by  high -pressure  cylinder  .  .,, 
H. P.  developed  by  low- pressure  cylinder  .. 

3637 
2892 

3011 

30-97 

Total  power  exerted  by  engines 

7008 

Actual  consumption  of  coal  per  indicated  horse- 
power per  hour    ...       ...  ,  

4  6  lbs. 

4-0  lbs. 

HORSK-POWEH  DEVELOPED  OH  THE   BRAKE  BT  TUB 

Locomotives — 
Total  number  of  revolutions 
Average  number  of  revolutions  per  minute 
Mean  power  exerted,  H.P, 

Percentage  of  the  indicated  horse-power  of  the 
compressing  engines 

17.755 

7398 

13*12 

201 

18,974 

79*> 

140 

20-0 

Jamtary  26th. 

To  determine  the  quantity  of  effective  power  stored  in  the  reservoir  of  the  locomotive 
as  given  off  on  the  brake,  capacity  of  reservoir  being  94V2  cubic  feet,  the  power 
exerted  by  the  engine  was  practically  kept  constant  throughout  the  trial. 


Initial  pressure  in  reservoir   

Final  pressure  in  reservoir,  the  engine  being  stopped  by 

the  brake   

Duration  nf  run  . 

Total  number  of  revolutions 

Average  per  minute  

Units  of  foot -pounds  of  work  given  off  on  the  brake  . 

Menu  power  „ 

Units  of  Ji.r.  for  one  minute  \vr  cubic  foot  of  air  con* 

mined  from  1,000  lbs  

Amount  of  coal  actually  consumed  per  cubic  foot  of  air 

at  1,000,  engine  consuming  an  average  of  i*2  lbs.  of 

coal  per  H.P.  per  In mr 
Amount  of  coal  which  would  be  used  with  economical 

engines  working  at  2  lbs.  jier  h  p.  per  hour,  to  put  1 

cubic  foot  of  air  up  to  1,000  .,.  ...  Ml 

Amount  of  coal  required  to  haul  one  ton  one  mile  on  a 

railway  ... 

Amount  of  coal  required  to  haul  one  ton  one  mile  on  a 
tramway  »  


Tint 
E!l*eTlmfDt 

1,000  lbs. 

i,ooo;ib». 

2G0 
30  minute* 
3,403 
87  25 
12,731, 139  lbs. 
9  88  H.P. 

275 
37  minutes 
3,113 
Ml  7 
lLHiR.tSOlbs 
9  :>:t  ii, p. 

5  36  H.P. 

606n,r. 

1'8  lbs. 

18  lbs. 

0'87  H«, 

087  lbs. 

0  2928  lbs. 

0*78  lbs. 
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engines  of  "The  Invicta,"  now  running  between  Dover  and 
Calais,  indicate  4,000  horse-power  while  crossing  the  Channel,  and  com- 
pressing  engines  of  the  same  power,  assuming  only  20  per  cent,  of  the 
power  to  be  realised  in  the  locomotives*  would  be  sufficient  to  keep  three 
trains  each  way  constantly  in  motion,  that  is,  a  train  each  way  every 
twenty  minutes. 

Obviously,  if  snch  a  result  can  be  obtained,  there  will  be  no  difficulty 
in  working  the  tunnel  when  made. 

The  writer  does  not  propose  to  enter  into  the  general  question  of  cost, 
but  it  will  readily  be  seen  that  if  the  rate  of  progress  which  has  already 
been  attained  at  both  ends  of  the  tunnel  can  be  maintained,  say  IJO  yarda 
per  day,  tbe  trial  heading  will  be  completed  within  two  years  by  a  very 
limited  number  of  workmen;  and  that  if,  as  will  no  doubt  be  the  case, 
the  permanent  tnnnel  is  carried  on  at  the  same  time,  one  line  might  be 
open  for  traffic  within  three  years.  The  cost,  therefore,  of  the  boring  will 
be  exceedingly  small  for  the  work  to  be  done,  and  it  has  already  been 
shown  that  the  lining  by  means  of  concrete,  of  which  the  principal  com- 
ponent is  brought  out  of  the  tunnel  as  debris,  must  be  much  below  the 
ordinary  cost  of  such  work. 

The  haulage,  however,  has  been  considered  by  some  engineers  a  mat- 
ter of  such  difficulty  that  extraordinary  suggestions  have  been  made  for 
dealing  with  it.  Among  others  Mr.  Crampton*  proposes  to  mix  the  chalk 
as  excavated  with  either  four  or  thirteen  times  its  weight  of  water,  which 
is  to  be  conveyed  to  the  face,  an  ultimate  distance  of  eleven  miles,  in 
pipes;  the  water  and  chalk  are  then  to  be  converted  into  alime  in  an 
agitator  and  piped  back  to  the  shaft  and  pumped  to  the  surface. 

Even  supposing  there  was  no  objection  to  carrying  water  where  it  is 
not  wanted,  or  to  lifting  four  or  thirteen  times  the  weight  necessary,  the 
writer  wonld  ask  what  would  be  the  effect  of  a  momentary  stoppage  of  the 
flow  in  pipes  charged  with  slime,  running  at  so  flat  a  gradient  as  1  in 
2,000,  or  forced  up  an  ascending  gradient  of  1  in  80  ?  The  pipes  would 
be  liable  to  be  choked  by  solid  cores  in  many  places  which  there 
would  he  the  greatest  difficulty  in  finding. 

The  ordinary  form  of  haulage  either  by  ropes  or  compressed-air  loco- 
motives can|no  doubt  be  satisfactorily  applied,  and  will  not  exceed  the 
maximum  coat  of  4d,  per  ton  for  underground  mechanical  haulage,  given 
in  the  admirable  Report  on  Underground  Haulage  of  the  Tail  Rope 
Committee  appointed  by  the  Institute,  published  in  1867-8.  It  will 
probably  be  less,  but  on  that  basis,  assuming  chalk  to  weigh  150  lbs.  per 

•  Fnptr  rend  before  the  Mechanical  Engineer*  at  Lecd*,  1882. 
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cubic  toot,  the  length  of  the  tunnel  to  be  22  miles,  and  the  debris  to 
have  an  average  lead  of  o£  miles,  the  haulage  of  the  refuse  from  the 
7-foot  tnunel  would  cost      ...       ...       »-*       ...  £27,500 

and  from  the  permanent  tunnel    154,000 

Total    £181,500 


VENTILATION 

If  compressed  air  lias  to  be  the  mutive  power  both  for  the  boring  ma- 
chine and  haulage  engines,  and  if  no  horses  be  employed  underground, 
the  heading  being  lighted,  as  hitherto,  by  incandescent  electric  light,  the 
question  of  ventilation,  which  has  been  considered  such  a  difficulty,  is 
at  once  solved. 

The  trial  heading  has  been  driven  about  2,000  yards.  The  pistons  of 
the  boring  machine  when  running  at  125  revolutions  per  minute,  cutting 
off  at  $  stroke,  have  consumed  about  250  cubic  feet  of  air  at  30  lbs., 
=  750  cubic  feet  per  minute  at  the  atmospheric  pressure,  About  20 
men  were  at  work,  and  temperatures  have  been  taken  with  the  following 
results: — 


fibaft 
Bottom. 
Return  Air 

1,000  Y&rdi 
Lnbj*. 

tOOO  Yardj 
Iubje. 

BUfAJUU. 

1882. 
Julr  3.,, 

M         4  .. 

6... 

6.. 

n  7- 
H  10 
„  11 

65 
65 
67 
66 
68 
67 
67 

55 
51 

67 
M 
65 

gfl 
56 

6a 
63 
65 
60 
53 
62 
63 

Boring1  machine  working. 
Do,  do. 
Do.  standing. 
Do.      working  fait. 
Do,  working. 
Do.  do. 
Do.  do. 

Average.. 

66| 

55 

521 

The  natural  temperature  of  the  strata  was  also  taken  by  a  borehole 
6  feet  deep  carefully  plugged,  and  was  found  to  be  b'2  degrees. 

When  the  haulage  engines  are  running  the  quantity  of  air  at  atmos- 
pheric pressure  will  not  be  less  than  5,000  cubic  feet  per  minute,  with  au 
increase  as  the  number  of  engines  is  increased. 

If  such  engines  as  are  bore  described  are  used  for  the  permanent 

.  ....  .    ...    ,       50  cub*  ft*  a  22  Qli  x  68 

each  in  ruumng  through  the  tunnel  will  exhaust  ^  —   = 

2,493  cubic  feet  of  free  air  per  minute,  and  this  with  trains  each  way 
every  quarter  of  an  hour  would  give  9,972  cubic  feet  |>cr  minute,  or  say 
10,000  cubic  feet  per  minute,  in  each  tunnel. 
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It  will  no  doubt  be  desirable  to  have  fans  connected  with  each  tunnel 
in  case  of  any  stoppage  or  of  any  large  number  of  workmen  being 
employed,  and  assuming  the  required  quantity  to  be  50,000  cubic  feet 
per  minute,  and  the  tunnel  to  be  ti  feet  in  diameter  and  24  miles  long, 
the  horse-power  necessary  will  be  found  by  the  usual  formula. 

p  IT 

where  p  =  feet  of  air  column. 

k  =  co-efficient  of  friction. 
v  =  Telocity  of  current  in  1,000  deg.  of  feet, 
a  =  area  of  tunnel. 
s  =  rubbing  surface  in  tunnel  in  feet. 


P  = 

Weight  of  air  = 
Horse-power  = 


0*03  x  5,575,680  x  105 


154 
114  x  4076 
50,000  x  866 


=  114. 
=  8'66. 
=  18'L 


33,000 

50  per  cent,  useful  effect  =  131x2=  26'2. 

The  writer  has  endeavoured  to  show  that  Sir  Edward  Watkin  and  the 
Submarine  Company  hare,  with  admirable  judgment,  commenced  this 
work,  perhaps  the  most  important  railway  work  of  the  time;  the 
stratum,  which  combines  all  the  characteristics  necessary  for  success,  and 
the  progress  already  made  on  both  sides  of  the  Channel  point  to  the 
conclusion  that  it  may,  by  means  of  the  boring  machinery  which  has 
been  at  work  for  some  months,  be  carried  through  in  an  exceedingly  short 
period  and  therefore  at  a  low  cost. 

The  writer  agrees  with  Mr.  Morrison  and  the  other  engineers  who, 
in  discussing  his  paper,  maintained  that  the  use  of  the  ordinary  locomo- 
tive in  such  tunnels  would  be  practically  impossible;  but  he  believes  that 
the  further  development  of  compressed  air,  which  has  been  in  use  for  so 
many  yeara  for  underground  haulage,  will  be  available  for  any  amount  of 
traffic,  at  a  cost  very  slightly  in  excess  of  the  ordinary  locomotive  ;  at  the 
same  time  making  the  atmosphere  of  the  tunnel  purer  than  that  of  any 
existing  tunnel* 
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The  President  said,  they  had  nil  listened  with  great  interest  to  the 
admirable  paper  read  by  Mr,  Tyldeu-Wright,  and  he  had  great  pleasure  in 
proposing  a  vote  of  thanks  to  him.  The  question  of  the  formation 
of  the  tunnel  was  of  very  great  interest  to  thera,  both  as  mechanical 
and  mining  engineers,  bringing  as  it  did  before  them  so  many  great 
difficulties  for  all  classes  of  engineers, 

Mr,  Wm.  Cochrane  seconded  the  motion,  which  was  unanimously 
agreed  to. 

Mr.  A,  L.  Steavknson  said,  the  first  thing  which  strnck  him  in  the 
paper  was  that  the  tunnel  was  to  be  carried  at  a  depth  of  150  feet  below 
the  sea  bottom,  which,  he  considered,  was  amply  sufficient  to  resist  the 
inbreak  of  water  from  above,  and  the  strata  in  which  the  tunnel  was 
driven  was  of  such  a  character  as  to  render  the  risk  from  any  serious 
inundation  of  water  very  inconsiderable*  There  might  be,  however, 
what  were  called  H  backs,"  or  "  openings,"  which  would  put  an  end  to 
the  work;  but  of  course  this  was  a  point  which  could  not  be  decided 
without  a  trial.  The  next  point  which  seemed  to  him  as  being  good 
was  making  the  underlevel  drifts  so  as  to  conduct  the  water  which 
might  leak  through  to  a  given  point,  for  it  would  be  decidedly  better 
having  it  lilted  directly  by  pumps,  than  having  to  draw  it  through 
long  pipes  leading  into  the  tunnel*  The  writer  of  the  paper  stated 
that  on  the  English  side  it  is  dry,  except  at  joints"  and  that 
was  the  only  point  which  he  (Mr.  Steavenson)  thought  was  likely 
to  cause  any  serious  difficulty.  It  was  stated  that  the  tunnel 
would  have  to  be  lined.  That,  he  thought,  was  very  probable;  and  the 
worst  feature  of  that  was  that  it  would  take  as  long  to  line  as  to  drive  it* 
With  regard  to  haulage,  it  would  be  quite  impossible  to  use  locomotives 
of  the  ordinary  type,  and  the  use  of  compressed  air  would  be  absolutely 
necessary ;  and,  in  ihis  matter,  it  was  not  a  question  of  the  results  of 
one  system  competing  against  another  system.  Culuucl  Beaumont  evidently 
had  this  matter  all  to  himself,  and  no  other  system  would  be  practicable. 
As  to  bringing  out  the  material  from  the  face,  it  would  be  quite  prac- 
ticable to  bring  it  out  by  endless  rope  haulage,  which  could  be  done 
without  any  difficulty,  and  he  should  say  that  this  mode  would  probably 
be  the  cheapest.  It  was  mentioned  that  in  some  places  100  tons  an  hour 
were  drawn  by  endless  ropes.  He  had,  at  this  moment,  an  endless  rope 
bringing  210  tons  an  hour;  and  the  system  was  quite  as  practicable  for 
2,000  yards  as  it  was  for  1,000  yards.  The  writer  stated  that  the 
air,  after  being  warmed  by  steam,  generated  by  a  slow  combustion 
stove  under  the  foot-plate,  is  curried  thence  into  the  2-inch  cylinders, 
these,  as  well  as  the  7-inch  cylinders,  being  steam -jacketed.    It  was  not 
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sufficiently  explained  where  the  steam  came  from,  or  how  the  noxious 
elements  connected  with  its  heating  were  dealt  with.  He  had  not  had 
time  to  look  into  the  figures  given  in  the  paper;  but  it  did  seem  to 
him  strange,  at  first  sight,  that  only  26*2  horse-power  was  required  to 
ventilate  a  tunnel  about  twenty  miles  long;  but,  taking  the  figures  given 
as  correct,  the  result  stated  seemed  realizable*  If,  on  investigation,  the 
formula  be  proved  to  be  as  given  in  the  paper,  there  would  be  no  difficulty 
in  ventilating  the  tunnel.  Ho  did  not  know  whether  it  was  within  their 
province  as  mining  and  mechanical  engineers  to  consider  the  question 
of  the  destruction  of  the  tunnel;  but  he  thought,  if  necessary,  it  could 
easily  be  destroyed  by  powder,  fired  either  from  Loudon,  Liverpool,  or 
France,  or  any  point  that  might  be  considered  beyond  the  reach  of 
treachery. 

Sir  Edwa&d  Watkin,  Bart,,  M.PH  said,  he  had  been  requested 
by  those  who  had  been  associated  with  him  for  some  time  making 
the  experiments,  in  such  a  way  as  to  show  the  practicability  or  other- 
wise of  making  a  tunnel  under  the  Channel,  to  perform  a  very  pleasing 
duty,  and  that  was  to  invite  the  members  of  this  noble  Institution  to 
take  an  early  opportunity  of  seeing  the  work  which  had  been  done,  if 
the  Council  of  the  Institute  would  induce  the  members  to  pay  a  visit  to  the 
tunnel  to  see  the  work,  he  would  be  very  glad  indeed  to  facilitate  their 
visit  by  the  iSouth  Eastern  Railway,  and  to  make  the  journey  as  pleasant 
as  he  hoped  it  would  be  profitable.  All  they  had  now  to  do  was  to  look 
at  the  practical  side  of  the  question.  He  had  studied  the  matter  for 
about  twenty  years.  He  was  first  induced  to  give  his  attention  to  it 
when  he  waa  in  Paris  with  the  late  Mr.  Cobdcn  during  the  discussion 
of  the  Treaty  of  Commerce ;  and  at  that  time  there  were  no  objections 
to  the  tunnel.  Since  then  people  arose  who  looked  upon  this 
tunnel  business  as  a  very  wicked  thing.  Ho  would  not  speak  of  the 
wickedness,  but  only  of  the  possibility  of  the  work.  The  possibility 
rested,  as  all  grand  things  did,  within  a  simple  corn  pass.  It  was 
altogether  a  question  of  the  stratum  through  which  the  works  could 
bo  forced.  Could  they  have  a  stratification  almost  free  from  water  ?  The 
theory  of  the  promoters  was  that  they  had  found  in  the  grey  chalk, 
a  non-water  bearing  stratum,  and  they  simply  followed  it.  The  only 
difference  between  those  who  worked  with  him  and  some  other  engineers 
iu  Great  George  iStreet  was,  that  he  proposed  to  follow  nature  where 
it  enabled  the  work  to  be  done,  and  they  proposed  to  fight  nature. 
Upon  the  edge  of  the  saucer  of  this  grey  chalk  there  were  certain 
little  faults;  but,  so  far  as  the  experiment  had  gone,  in  the  great 
flat  bottom  of  the  Channel,  there  was  no  water  at  all.     They  had 
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prosecuted  the  heading  under  the  sea  2,030  yards,  and  had  never  had 
to  pump.  What  little  water  had  been  found  on  the  edge  of  the 
saucer  had  been  bailed  out,  and,  it  was  so  small  that,  they  might  say 
it  was,  practically  speaking,  dry.  If  they  cottld  make  the  tunnel 
in  the  dry  it  was  a  feasible  and  practicable  work.  The  machine  of 
Colonel  Beaumont  did  him  infinite  credit,  and  it  would  be  useful  for  a 
great  many  purposes  besides  making  the  Channel  tunnel.  That  machine 
enabled  them  to  cut  the  tunnel  cheaply  and  rpiiekly  ;  it  enabled  them  to 
make  the  work  as  they  made  the  tnnnel.  Many  people,  who  had  not 
studied  the  question,  talked  a  great  deal  about  the  difficulties  and 
the  enormous  cost,  By  many  the  cost  was  put  down  at  £40,000,000  ; 
some  at  £8,000,000  ;  and  some  assumed  £4,000,000,  but,  for  various 
reasons,  doubled  that  estimate.  He  would,  however,  confidently*  state 
that  the  cost  of  the  tunnel,  including  the  land  approaches,  would  be 
£3,000,000  at  the  outside;  and  the  time  for  making  it  would  be  four 
years  at  the  longest,  They  had  got  a  stratum  which  was  evidently 
satisfactory  to  work  in ;  they  had  got  machines ;  and  they  had  now 
gained  experience  which  led  them  to  believe  (hat  the  figures  given 
were  correct.  A  distinguished  north  countryman,  and  a  member  of 
this  Institute,  Sir  George  Elliot,  had  inspected  the  tunnel  works. 
Another  distinguished  man,  Sir  IIiism  y  Vivian,  who,  like  Sir  George 
Elliot,  had  been  connected  with  mining  all  his  life,  saw  the  works  with 
Mr,  and  Mrs.  Gladstone.  Mr  Husaqp  told  him,  as  Sir  George  Elliot 
bad  also,  that  he  had  seen  mining  all  his  life,  and  never  had  seen 
such  a  material  to  work  in  as  that  which  they  were  now  piercing  under 
the  sea.  This  work  was,  with  him.  not  a  la  hour  of  profit,  but  a  labour 
of  love ;  and,  whatever  anyone  might  say  about  the  wickedness  of  the 
work,  it  would  not  deter  hira  from  trying  to  carry  it  out 

The  President  said,  he  felt  quite  sure  that  the  Conncil  of  the  Insti- 
tute would  be  very  happy,  on  behalf  of  the  members,  to  accept  Sir  Edward 
Watkin'a  invitation,  and  the  Secretary  would  arrange  for  carrying  out 
the  visit. 

Mr.  Wm.  Cochrane  said,  he  would  like  to  know  whether  the  writer 
of  the  paper  had  contemplated  the  occurrence  of  any  gas — sty  the  or 
explosive  gas,  probably  the  former,  If  the  Btratum  be  as  described,  and  if 
found  to  be  so  fortunately  free  from  faults  and  leaders,  as  Sir  Edward 
Watkin  and  the  writer  of  the  pajxT  were  so  sanguine  as  to  uxjteeU  the 
making  of  the  tunnel  was  practically  a  success,  he  did  not  see  how  anyone 
could  dispute  that;  but  they  would  be  fortunate  if  they  found,  in  a  distance 
of  about  twenty  miles,  that  the  course  was  uninterrupted  by  any  such 
difficulties.    The  great  merit  of  the  promoters  was  that  they  had  been 


able  to  discover  the  grey  chalk  strata  to  be  of  the  nature  described. 
When  he  was  making  a  tunnel  in  the  chalk  tads  under  the  sea  at 
Copenhagen,  operations  went  on  for  a  considerable  time,  until,  owing  to 
fissures  yielding  heavy  feeders  of  water,  the  work  hud  to  be  abandoned; 
subsequently,  costly  pumping  arrangements  were  made,  and  the  tunnel 
was  completed.  He  hoped  such  difficulties  would  not  be  met  with  in  the 
Channel  tunnel. 

Sir  Edward  Watkin  said,  that  geologists  knew  that  in  olden  times 
England  and  France  were  connected  together,  and  the  bottom  of  the 
Channel  had  been  ground  out  by  the  passage  of  icebergs  from  the  North 
Sea,  The  grey  chalk  was  im pervious  to  water,  because  it  was  a  mixture 
of  65  per  cent,  of  chalk,  and  85  per  cent,  of  clay,  and  it  was  entirely 
puddle-hardened.    That  was  the  secret  of  the  whole  thing. 

Colonel  Beaumont  said,  that  after  the  very  exhaustive  details  given 
by  Mr.  Tylden-Wright  in  his  excellent  paper,  he  did  not  intend  to  trouble 
the  meeting  with  any  very  elaborate  discussion  of  the  mechanical  aspect 
of  this  great  question.  He  was  happy  to  think  that  the  subject  was 
now  in  a  very  widely  different  position  to  what  it  was  three  or  four 
years  ago,  when  he  first  became  connected  with  it  At  that  time  people 
laughed  at  the  idea  of  making  the  Channel  tunnel,  and  they  treated  it 
as  they  did  the  flying-machine,  as  a  chimerical  proposal.  All  that  had 
been  met  by  the  magician's  wand,  waved  by  Sir  Edward  Watkin ;  and 
now  they  heard  no  more  of  the  impracticability  or  impossibility  of  the 
work,  but  they  did  hear  people  say  that  the  tnmiel  was  not  a  thing  which 
the  country  required,  and  here  he  would  simply  remark  that  the  tunnel 
when  it  was  made,  especially  so  far  as  the  laud  approach  was  concerned, 
might  be  destroyed  with  perfect  facility;  that  was  to  say,  it  did  not 
depend  upon  the  will  of  two  or  three  people,  or  upon  three  or  four 
different  arrangements  that  might  have  to  be  made,  but  it  was  absolutely 
and  certainly  within  the  power  of  those  who  had  control  of  the  operations 
to  destroy  the  tunnel  when  it  had  been  made  by  a  choice  of  many  alter- 
native means.  To  turn  to  the  mechanical  points  that  had  been  raised, 
Mr,  Tylden-Wright  had  referred  to  the  air  locomotive  with  which  his 
(Colonel  Beaumont's)  name  had  been  connected;  and  a  quest  ion  had  been 
asked  how  the  heat  necessary  for  jacketing  was  supplied?  It  was  supplied 
by  a  small  slow-combustion  boiler,  not  much  larger  than  a  nun's  hut,  ;nnl 
the  amount  of  heat  required  was  comparatively  small.  There  was  no  doubt 
there  would  be  an  objection  to  the  consumption  of  a  Jarge  quantity  of  coal, 
hut  that  objection  ceased  when  the  quantity  of  coal  or  coke  was  reduced 
to  the  extremely  small  amount  which  was  required  to  supply  the  steam 
necessary  for  the  Bteam-jaeketiniz  outside  the  cylinders.  Another  question, 
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asked  by  Mr.  Cochrane,  was  as  to  the  possibility  of  the  stratum  continuing 
as  it  had  been  descrilied,  viz.,  one  r»f  nrey  chalk  entirely  nnbroken. 
He  quite  agreed  that  it  was  extremely  improbable  that  snch  a  continuous 
stratum  should  exist  so  far  as  the  evidence  of  what  had  already  been  exe- 
cuted elee  where  was  concerned;  but  he  would  ask  them  to  bear  in  mind 
that  twenty  or  thirty  miles  of  tnnnel  driving  in  chalk  had  never  yet 
been  effected.  In  evidence  of  the  probability  of  this  stratum  remaining 
continuous  he  might  state  that  soundings  had  been  taken  across  the  bed 
of  the  channel,  5,000  or  6,000  in.  number,  and  these  soundings  showed 
that  it  was  continuous  and  without  a  break.  They  would  no  doubt  giy 
that,  though  the  surface  or  the  stratum  might  be  continuous,  there  might  be 
some  breaks  in  it,  and  that  the  breaks  would  let  in  the  water,  Tn  the  case 
of  hard  rock,  such  as  sandstone,  this  would  be  the  case,  but  he  thought  that 
would  not  be  found  to  be  so  in  a  substance  so  elastic  as  the  chalk  measures 
seemed  to  be.  In  the  3,000  yards  already  driven  they  found  "backs," 
clearly  defined ;  that  is  the  strata  were  raised  on  one  side,  and  lowered  on  the 
other,  and  yet  they  allowed  next  to  no  water  to  pass  through.  In  further 
confirmation  of  this,  he  might  mention  what  seemed  to  be  satisfactory 
evidence  of  the  probable  success  of  the  undertaking.  On  the  French 
side,  lately,  his  machine  had  cut,  from  the  lower  measure  of  the  grey 
chalk,  through  the  upper  green  sand,  into  the  gault,  and,  notwithstand- 
ing that,  there  had  been  no  water-  Consequently  it  appeared  to  him  they 
had  perforated  every  sort  ot  strata  likely  to  be  met  with,  and  yet  the 
quantity  of  water  met  with  had  been  insignificant.  While  the  heading 
had  been  driven  with  explosives  on  the  French  side,  the  discharge  was 
one -fifth  of  a  gallon  For  each  metre  of  gallery  that  was  opened.  They 
found,  as  a  fact,  as  the  mechanical  boring  continued,  even  when  the 
machine  passed  through  the  grey  chalk  into  the  gault,  that  the  water 
diminished,  and  became  ull  but  insignificant.  As  to  the  tunnel- 
driving  machine  with  which  his  and  Captain  English's  names  were 
associated,  and  the  UBing  of  it  for  driving  in  other  rocks,  he  thought 
the  Channel  tunnel  and  the  whole  of  the  works  in  connection  with  it  would 
be  finished  in  three  or  four  years,  and  the  headings  might  be  made  to 
connect  in  two  years  from  the  present  time;  and,  bo  far  as  his  machine 
was  concerned,  there  would  be  an  eud  of  it;  but  he  thought  there  was  a 
bigger  future  before  it.  The  machine  had  been  tried  in  the  hard  sandstone 
rock  of  the  Woodhead  tunnel,  which  passed  through  the  back-bone  of 
England,  between  Sheffield  and  Manchester;  and  the  character  of  the 
grit  rock,  from  the  summit  of  that  ridge  of  bills,  was  exceedingly 
difficult  to  drive.  It  was  not  so  much  the  hard  character  of  the  rock,  as 
its  gritty  nature  which  destroyed  the  tools.    The  machine  had  been  tried 
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there,  and  the  result  had  heen  to  show  that  all  the  rocks  of  the  sandstone 
measure  and  rock*  up  to  that  degree  of  hardness  could  be  perforated 
without  explosives ;  and  by  the  use  of  dead  pressure  alone  applied  to  the 
cutters,  passed  through  at  the  rate  of  one  foot  per  hour.  He  ventured  to 
say  that,  supposing  the  Channel  tunnel  were  to  he  stopped  altogether,  this 
one  result,  which  certainly  had  been  the  outcome  of  the  experiments,  would 
show  that  the  machine  made  for  the  Channel  tunnel  would  have  a  very  im- 
portant future.  The  action  of  the  machine  was,  that  a  very  heavy  pres- 
sure was  put  upon  the  tools,  and  portions  of  the  rocks  were  punched  or 
forced  off,  rather  than  disintegrated  by  means  of  abrasions.  The  import- 
ance of  such  a  machine,  which  could  be  used  iu  driving  iu  fiery  mines, 
could  not  be  over-estimated,  but,  before  it  could  be  generally  employed,  it 
would  be  necessary  that  more  experience  should  he  obtained* 

Mr,  Wabinoton  Smyth  said,  Mr.  Wright's  paper  opened  out  so 
many  questions  that  it  was  with  some  difficulty  he  rose  to  make  a  few 
observations  upon  one  or  two  points.  He  owed  it  to  the  courtesy  of  Sir 
Edward  Watkin  that  he  had  been  enabled  to  examine  the  works  of  the 
Channel  tunnel.  He  believed  they  were  quite  aware  of  how  much  had 
been  done  by  the  individual  energy  of  character  and  perse  vern  nee 
of  Sir  Edward.  The  first  thing  which  struck  him  was  as  to  the 
strata  through  which  the  tunnel  had  been  so  far  carried,  and  he  must 
say,  with  some  experience  of  drifts  carried  through  different  classes 
of  rock,  some  under  land  and  some  under  the  sea,  it  never  fell  to  his  lot 
to  see  a  more  remarkable  driving  of  2,000  yards  in  extent  with  scarcely 
sufficient  water  to  wet  the  finger.  Standing  in  the  trial  tunnel  was  very 
much  like  standing  iu  the  tube  of  a  gigantic  telescope.  That  was  due  in 
part  to  the  character  of  the  strata  and  in  part  to  the  excellence  of  the 
work  performed  by  Colonel  Beaumont's  machine.  He  need  scarcely,  he 
thought,  do  more  than  endorse  Colonel  Beaumont's  observations.  In  cross- 
ing for  a  distance  of  upwards  of  twenty  miles,  it  is  quite  certain  that  a  sue* 
cession  of  faults  and  troubles  of  various  kinds  would  be  met  with ;  but  from 
what  had  been  seen  already,  he  was  confident  that,  although  they  might 
be  numerous,  and  although  they  might  be  accompanied  iu  many  cases 
with  a  throw  of  the  strata,  generally  to  a  small  extent,  still  the  character 
of  the  rock  was  such,  partly  from  the  mobility  of  the  piracies  and  density 
of  the  mass,  and  also  its  water-resisting  character,  that  one  naturally 
expected  that  these  troubles  would  be  packed  so  closely  together  as  to 
resist,  to  a  very  great  extent,  the  entry  of  water  into  any  work  carried 
oat  under  the  sea.  He  was  sure  the  President,  from  the  experience 
he  had  had  in  working  coal  under  the  sea,  where  much  harder  strata  were 
found,  would  bear  him  out  that  if  this  were  intersected  by  rock  which 


etood  open,  a  soft  material  would  fall  in  and  have  a  tendency  to  press 
together  and  so  prevent  any  danger  of  inundation.  If  any  further 
illustration  were  wanting  to  show  the  impracticability,  he  would  say  the 
impossibility,  of  the  ordinary  railway  locomotive  being  used  for  traction 
purposes  in  the  tunnel,  he  might  give  one  in  the  shape  of  a  little  excursion 
which  he  made  last  week  in  the  Laxey  Mine,  in  the  Isle  of  Man.  He 
rode  for  a  distance  of  a  mile  in  a  drift  which  was  between  three  and  four 
feet  wide  and  seven  feet  high  on  the  average,  and  every  time  fresh  coal 
was  put  on.  the  cloud  of  mixed  steam ,  reek,  and  smoke  in  which  they 
were  enveloped  was  such  as  to  show  that  an  ordinary  locomotive  was 
intolerable  for  one  mile,  and  for  a  greater  distance  no  one  could  dream 
of  using  it.  Hence  they  had  no  alternative  but  to  use  in  the  tunnel 
compressed  air  locomotives,  which  had  been  brought  forward  by  Colonel 
Beaumont.  He  would  not  attempt  to  go  into  some  of  the  subjects  which 
invited  attention,  but  he  might  say  that  what  bad  been  stated  by  Colonel 
Beaumont  was,  he  was  sure,  of  the  very  greatest  interest  to  mining  men, 
namely,  that  this  machine  had  been  found  capable  not  merely  of  carving 
itH  way  in  the  soft  material  through  which  the  Channel  tunnel  so  far  had 
passed,  but  also  through  harder  rocks.  If  Colonel  Beaumont  could  suc- 
cessfully get  through  the  millstone  grit  of  the  Woodhead  tunnel  he  had 
succeeded  in  what  nobody  else  had  done,  and  the  machine  would  be  of 
the  greatest  value  in  driving  through  stone  drifts  in  fiery  mines  without 
the  use  of  explosives. 

Mr.  E.  F*  Boyd  said,  that  in  his  experience  of  geological  questions 
it  had  always  appeared  to  him  that  the  extent  of  the  "faults"  to  be  met 
with  diminished  in  the  upper  strata  as  compared  with  the  lower  ones; 
and  if  that  were  the  case  they  would  expect  the  quantity  of  water  to  be 
met  with  less  likely  to  interfere  with  the  work  in  the  chalk  formation 
than  in  the  lower  strata. 

Mr.  T ylden-Wriqht  said,  he  thought  the  only  question  which  Colonel 
Beaumont  had  left  for  him  to  answer  was  as  to  gas.  The  tunnel  had, 
he  thought,  taken  nine  months  to  drive,  and  he  was  informed  that  no  ga* 
of  any  sort  had  been  met  with  in  it;  but  even  if  there  had  1>een  any  ga*, 
he  was  sure  Mr,  Cochrane  would  supply  both  lamps  and  ventilators  that 
would  very  soon  render  any  danger  from  ^as  of  no  account  at  all.  He 
had  been  in  ihv  mnml  u  it  It  lit't>  pimple,  u  the  engine  was  standing  and 
comparatively  no  air  coming  from  it,  and,  notwithstanding,  the  air  was 
sweet,  nobody  had  a  headache,  and  the  people  were  more  comfortable 
than  in  any  railway  tuuuel  at  present  in  existence.  He  was  much 
obliged  to  them  for  the  way  in  which  his  paptT  had  been  received. 
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The  Pbesidekt  said  that,  in  accordance  with  the  custom  of  the 
Institute,  the  discussion  of  the  paper  would  be  adjourned  until  further 
otice.  He  moved  a  cordial  vote  of  thanks  to  Sir  Edward  Watkin,  Mr. 
Warington  Smyth,  and  Colonel  Beaumont,  for  their  kindness  in  attend- 
ing the  meeting  to  tell  the  members  about  a  matter  which  so  much 
interested  them.  He  had  been  connected  with  mining  under  the  sea  for 
a  number  of  years,  in  places  where  the  distances  were  reckoned  by  miles, 
irthan  by  hundreds  of  yards;  and,  having  seen  workiugs  carried  out 
with  success  in  the  face  of  great  difficulties,  from  both  water  and  gas, 
he  saw  no  engineering  reason  why  the  Channel  tunnel  should  not  be 
prosecuted,  if  the  data  given  in  the  paper  held  good,  and  he  was  sure 
that  the  admirable  arrangement  of  the  air  machines  must  very  greatly 
conduce  to  that  end.  They  were  doubly  indebted  to  Colonel  Beaumont 
for  bringing  before  them  the  use  of  compressed  air  in  mines,  which  was 
increasing  every  year.  If  the  machine  could  be  made  to  take  the  place 
of  hand  labour  they  would  save  an  immense  cost  in  time,  and  it  would 
also  enable  them  to  work  safely  in  places  where  there  was  fear  of 
inflammable  gas. 

Mr.  T.  J.  Bewick  seconded  the  vote  of  thanks.  He  said  Colonel 
Beaumont's  machine  had  been  tried  at  the  Woudhcad  tunnel,  in,  he  might 
say,  almost  the  hardest  sandstone  rock,  harder,  he  thought,  than  any  in 
Northumberland*  He  regretted  that  he  (Mr.  Bewick)  had  not  brought 
some  of  the  specimens  which  he  had  the  opportunity  of  taking  last  week, 
when  he  saw  the  machine  at  work.  It  was  quite  certain  that  the  machine 
was  capable  of  going  through  very  much  harder  strata  than  that  which 
it  had  to  contend  with  in  the  Channel  tunnel,  and  which  seemed  in  fact 
to  be  child's  play  in  comparison  with  the  hard  rocks  occurring  at  many 
other  places*  If  Colonel  Beaumont  would  perfect  his  machine,  an  he 
(Mr.  Bewick)  believed  he  could,  to  drive  tunnels  such  as  that  at  Wood- 
head,  he  certainly  would  overcome  difficulties  of  no  ordinary  character 
in  the  formation  of  tunnels,  and  it  would  lead  to  a  complete  revolution 
in  driving  stone  drifts  in  fiery  mines,  which,  at  the  present  time,  could 
not  be  done  without  the  use  of  explosives.  He  had  not  had  the 
pleasure  of  seeing  the  Channel  tunnel,  but  he  hoped  to  be  one  of  the 
members  of  the  Institute  who  would  accept  Sir  Edward  Watkin's  kind 
invitation  to  visit  the  works  at  Dover. 

The  motion  was  agreed  to. 

Sir  Edward  Watkin  thanked  the  meeting  for  the  courtesy  with 
which  they  had  received  him  and  listened  to  his  explanation. 
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The  discussion  of  Mr.  T,  J.  Bowlker '■  paper,  Description  of  a  New 
Ventilating  Fan,  next  took  place. 

Mr,  Bowlker  said  that  some  members  had  remarked  at  the  last 
meeting  that  the  fan  was  of  the  open  circumference  type ;  thia  was  not 
so,  the  fan  was  not  at  all  of  the  open  circumference  type,  but  entirely  of 
the  close  type.  The  Guibal  fun  was  a  closed  fan,  and  formerly  it  was  the 
the  great  boast  that,  being  closed  in  all  ways,  a  much  higher  water- 
gauge  could  be  obtained,  and  that  its  efficiency  was  greater  than 
that  of  the  open-running  fans.  It  was  argued,  and  argued  rightly, 
that  the  Guibal  fan,  on  account  of  the  diminution  of  pressure  which  was 
found  in  the  case  ought  to  give  a  greater  usel'til  effect  than  oilier  fans. 
In  practice,  however,  it  had  been  found  that  those  other  fans  gave  a  per- 
centage of  useful  effect  differing  hardly,  if  at  all,  from  that  given  by  the 
Guibal.  The  reason  of  that  was  no  doubt  due  to  the  nir  friction  inside 
the  Guibal  fan.  The  fan  which  had  just  been  brought  out  did  away  with 
that  air  friction  to  a  very  great  extent,  and  therefore  it  had  not  that 
source  of  loss  which  was  inherent  to  the  Guibal  fan,  while  at  the  same 
time  it  had  got  a  superior  water-gauge, 

Mr.  WMU  Cochrane  said  he  had  previously  in  the  discussion  of  the 
paper  pointed  out  what  he  considered  some  of  the  objections  to  the  system 
proposed,  and  what  he  had  to  say  now  was  only  confirmatory  of  those 
comments.  It  was  much  to  be  regretted  that  the  Bowlker  feet  fan 
was  not  tested  with  an  evasee  chimney  of  the  perfect  Guibal  type,  pro- 
perly adjusted,  for,  in  his  opinion,  no  other  comparison  was  satisfactory. 
Mr,  Bowlker  omits  all  considerations  of  the  difference  of  conditions  o| 
the  Rockingham  and  Byron  Collieries  ventilation,  in  which  may  l>e 
involved  the  ten  to  fifteen  per  cent,  of  different  useful  effect,  supping 

it  is  a  fact,  -r-  being  relatively  in  one  ease  — — '  and  in  the  other 
//  1  ;;,> 

*     for  the  importance  of  which  he  referred  the  members  to  previous 

Transactions,  and,  for  a  practical  illustration,  he  need  not  go  beyond  the 
record  of  the  Rockingham  ventilator  itself,  where,  as  would  l>e  seen  on 
page  01,  Vol  XXXI.,  with  more  favourable  conditions  of  [he  mine, 
1115,400  cubic  ieet  passed  through  the  fan  at  1*00  water-gauge,  at  88 
revolutions  or  5,000  cubic  feet  per  revolution,  and  in  the  experiments 
for  comparison  with  the  Bowlker,  tabulated  on  page  at  thirty  revolu- 
tions, only  117,810  cubic  feet  were  passed  through,  or  8,927  per  revolu- 
tion. It  must  be  evident  that  these  conditions  fail  to  give  the  best 
result  of  the  forty-five  feet  <  i  ml  ml  fan,  although  they  may  record  the 
but  results  under  the  circumstances  of  Rockingham  ventilation. 
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It  ib  noticeable  also  that  the  Guibal  fan  improves  in  useful  t flVot  from 
87'4  per  cent,  to  57*4  per  cent  as  the  speed  is  increased  from  20  to  60. 
Why  were  not  higher  speeds  tested?  He  should  expect  a  correspondingly 
increased  useful  effect;  whereas  the  Bowlker  was  nearly  steady  at  such 
speeds-as  1 50  to  225,  which  was,  he  presumed,  nearly  its  effective  maximum. 
For  a  fairer  comparison,  slower  speeds  of  the  Bowlkcr  should  have  been 
tested,  certainly  the  same  speeds  of  periphery  in  each  cuse,  which  would 
have  been  about  100  revolutions  as  the  equivalent  of  the  twenty  revolu- 
tions of  the  Guibal. 

Taking,  however,  the  usefut  effect  of  about  63  per  cent.,  he  inferred  that 
the  Byron  conditions  of  ventilation  are  very  favourable,  and  he  felt  sure 
the  properly  adjusted  Guibal  fan  would,  in  this  case,  have  attained  such 
results  as  have  been  yielded  with  86,40,  and  45  feet  diameter  Guibal  fans 
at  some  of  the  mines  in  this  country,  viz.,  70  per  cent.,  when  volumes 
of  5,000  to  6,000  cubic  feet  per  revolution  of  the  fan  have  been  passed 
through  it. 

The  Guibal  system  was  theoretically  capable  of  a  much  higher  useful 
effect  than  is  obtained  in  practice,  but  under  ordinarily  favourable 
conditions  at  least  CO  per  cent,  should  be  obtained.  It  must  not  be  for- 
gotten that  the  type  of  engine  and  the  finish  of  the  machinery  may 
vary  the  result  at  different  collieries,  and  especially  where  such  a 
contrast  is  made  as  a  fan  8£  feet  diameter  dealing  with  20,000  cubic 
feet,  and  a  45  feet  which  is  proportioned  to  deal  with  250,000  cubic  feet. 

Hence  he  failed  to  see  that  there  was  anything  in  the  paper  which  proved 
any  better  result  from  three  evasees  than  one,  because  one  bad  not  been 
tried  under  the  same  conditions  as  the  three;  and  as  to  the  theoretical 
investigation  he  considered  the  original  basis  of  the  Guibal  system,  which, 
as  the  writer  admitted,  had  led  to  the  construction  of  a  fan  superior  to  all 
other  fans,  was  directly  challenged.  The  whole  question  of  re-entries  of 
air  in  centrifugal  fans  discharging  all  round  into  the  open  air  had  already 
been  fully  discussed  in  the  Proceedings,  and  practical  results  are  recorded 
showing  how  serious  is  the  depreciation  of  useful  effect  tine  to  this  cause. 

When  the  Guibal  casing  was  designed  it  was  inevitable  that  the 
circumferential  friction  (if  he  might  so  define  it)  should  be  adde  d  to  that  of 
the  sides,  but  it  was  the  substitution  of  a  smaller  evil  for  the  larger  one. 

Another  objection  he  had  to  make  to  the  proposed  throe  evasee  outlets 
was  the  costly  construction,  which  would  far  outweigh  any  such  improved 
useful  effect,  even  if  it  were  established,  which  he  thought  had  not  been 

aa&j  and  generally  hi  thought  it  preferable  to  have  a  large  diameter 
of  fan,  with  a  slow  speed  of  engine,  to  attain  a  given  water-gauge,  rather 
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than  a  small  diameter  of  fan,  with  an  engine  running  at  high  speed, 
where  large  volumes  of  air  are  involved.  If  an  extensive  ventilation  were 
in  question  it  would  deter  anybody  from  incurring  the  extra  outlay.  The 
value  of  the  adjustment  hy  the  sliding  shutter  had  been  fully  proved  in 
the  case  of  the  Guibal  system,  as  well  as  that  of  the  evaaoe  chimney,  and 
each  addition  to  the  open-running  tan,  by  testing  one  and  the  same  fan 
in  course  of  construction,  and,  in  his  opinion,  any  departure  from  the  per- 
fected Guibal  would  only  lead  to  deterioration  of  useful  effect. 

Before  leaving  the  subject  he  desired  to  acknowledge  the  careful  nature 
of  the  investigation,  and  the  ability  of  the  mathematical  examination  of 
the  element  of  friction,  but  the  writer  of  the  paper  had  only  been  able  to 
arrive  at  his  formula  and  coefficients  by  some  hypothesis,  as  did  probably 
Mous.  Pdctet,  a  very  careful  experimenter  and  an  able  mathematician. 
Yet  the  writer  condemns  Mon*  Pee!et*B  coefficient  of  *0i'17  as  utterly 
erroneous  and  useless.  He  (Mr.  Cochrane)  was  therefore  led  to  express 
the  greater  confidence  in  asking  t lit-  members  to  suspend  their  judgment 
until  they  had  the  thoroughly  practical  result  of  the  same  fan  tested 
under  the  same  conditions  of  mine  with  the  Guibal  and  the  Bowlker 
system. 

Mr.  John  Daglish  said,  that  since  the  last  paper  was  read  they, 
through  the  kindness  of  Mr.  Bowlker,  had  had  the  fun  tested  by 
Mr*  Lindsay,  and  in  the  same  way  as  he  and  Mr.  Liveing  had  tested  other 
fans  for  the  Committee,  and  the  following  was  the  result  of  the 
experiments : — 

KXFERTMKSTS  WITH   HoWLKRh's  FaH. 

Byron  Colliery,  Halt  whist  Ut  Ocfobrr  7  th,  1882 

The  eiperirneut*  were  made  at  varying  speed*  of  fun.  vix.: — 

Experiment  A  100  revolution*. 

Do.       B    1&0  do. 

Do,       0    200  do. 

The  Air  was  measured  in  the  fun  drifi  by  moving  t lie  anemometer  carefully  orer 
the  whole  area  fur  three  minute**  thin  was twice  repeated  with  one  minute  interval,  am! 
the  mean  velocity  ascertained  from  these. 

Tile  water-grange  was  read  on  the  fan  drift  door*,  there  was  no  appreciable  difference 
between  it  and  the  water  gauge  on  th*»  fan  inlet. 

During  each  experiment  the  speed  of  the  engine  did  not  vary  more  than  one 
revolution  per  minute* 

AU  the  diagrams  were  taken  from  the  right-hand  cylinder,  and  several  were  after- 
wards taken  from  the  left  hand  cylinder  at  a  similar  mj^cod  and  water-gauge. 
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Barometer  29*40''.  Thermometer  60"  in  Fan  Drift- 

He  hoped,  in  an  important  matter  like  this,  that  the  Institute  would 
allow  the  discussion  to  be  a^ain  adjourned,  bo  that  they  mi^rht 
afterwards  be  able  to  consider  the  extremely  interesting  remarks  made  by 
Mr.  Cochrane,  and  also  have  before  them  the  results  of  the  experiments 


they  im  mot  alvay? 
ewjf  ewe  the 
tbej 

hare  done  frvm  the 

Mr,  A-  L.  Snumwy  said  that,  with  respect  to  the  results  id  the 
which  had  born  given  by  Mr.  Bowlker,  he  believed  if  they 
to  the  bottom  of  the  shaft  there  mold  be  a  difference  of  shoot  :>0 
j*r  cent,  in  the  water-gauge.  Frenchmen  wtfe  HH«re  rerted  in  mathe- 
matical theories  than  wen-  Englishmen,  and  they  bad  studied  this 
matUrr,  and  [>Qt  it  upon  a  very  simple  Uns.  Be  re*]  the  following 
extract  from  a  paper  by  Jluns,  Morgue: — 


I*  thwry  *  dr|ir*Mion*J  rentiUtiir  »hmiM  m*int*in  *  cmaaUnt  drprraon  equal  to 
that  which  it  attain*  whan  waking  in  *  confined  tj«cc ;  in  reality  it  b  dwiji  ■ 
f  rail  pnrl  of  it  Wng  iWrbid  in  the  f ricCum  and  Ui  of  H#          in  the  air  j _ 
through  the  machiti*  U*elf.    Th*  theory  of  the  eqoitakut  otitic*  of  the  via* 
mm9$  Wn  cipUirjml        Free0M&ng«  of  Mining  Institute,  Vol  XXXI.,  ^  U\ 
•  ftM|  may  be  af9ti«J  to  the  fan  iUdf.    TW  miric  nnd  fan  may  then  ba 

1  by  two  onflow,  a  and  o  a-« 
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and  the  volume*  depression,  uml  oriticea  arc  represented  by  the  formula  of  iiir  flowing 
through  a  thin  diaphragm  : — 

V  -  0  65  a  s/  2  $  h 

V  -  0  66o 

The  connection  between  the  depresslm  and  volume  with  the  equivalent  orifice,  cannot 
be  easily  pnt  in  language,  but  may  be  rendered  bj  diagram.    The  theoretical  do  pre* 

«ion       whit  h  a  <iinkil  alone  is  calculated  to  give,  can  never  be  attained,  and  the  initial 

depression  may  then  be  represented  by  ^  and  the  actual  depression  varies  aoeurding 
to  the  fallowing  expression  :— 

I  _  i»*   V* 

^       0  65'  o>  2  <7 

From  which  formula  he  deduces  the  value  of  a,  which  is  a  most  important 
feature  in  estimating  the  value  of  any  fau. 

This  same  idea  of  the  loss  of  pressure,  and  consequently  of  volume, 
was  treated  by  a  writer  in  the  (olliertj  Guardian  of  August,  25th,  who 
spoke  of  the  experiments  of  the  Mining  Institute,  and  showed  that  funs  hy 
the  same  maker  had  given  various  results,  and  the  experiments,  therefore, 
were  useless;  but  the  fact  that  they  gave  tiitTei-ent  results  showed,  he  (  Mr. 
Steavenson)  thought,  that  the  experiments  were  quite  right,  because  the 
conditions  under  which  they  worked  necessarily  varied.  The  writer  in 
ihe  Guardian  said: — "  A  good  deal  has  been  said  and  written  l.itely  that 
the  present  system  of  calculating  the  useful  effect  of  fans  is  misleading, 
and  probably  that  explains  the  otherwise  mysterious  fact  that  each  fan 
introduced  has  been  proved  to  have  the  highest  useful  effect  elsewhere. 
The  report  of  the  North  of  England  Committee,  for  instance,  in  its 
tabulated  results,  shows  enine  striking  differences  between  fans  con- 
structed on  the  same  priuciplc.  The  Guibnl  tan  shows  in  per  rent, 
useful  eflect,  and  another  Gnibal  lan  nearly  53  per  cent.  One  Schiele  fan 
shows  46  per  cent,  useful  effect,  aud  another  Schiele  fan  49  per  cent. 
Any  conclusions  drawn  from  contradictory  results  such  as  these  must,  to 
some  extent,  be  inaccurate/*  That  showed  that  the  writer  did  not  under- 
stand what  he  was  writing  about. 

Mr,  D.  P.  Morison  asked  if,  before  entering  into  the  very  intricate 
subject  of  comparative  Iriction  in  different  systems  of  centrifugal  fans, 
he  might  be  allowed  to  make  a  peisunal  explanation,  so  far  as  Mr. 
Bowlkers  remarks  affected  him;  had  these  remarks  not  been  published 
in  the  Transactions  he  should  have  merely  treated  them  as  good- 
atared  banter  to  which  any  equally  jocose  reply  might  have  been 
fitting,  but  as  they  had  gone  out  to  the  mining  world,  invested  with 


the  authority  conferred  by  the  publications  of  the  Institute,  he  felt 
compelled  to  reply  to  them,  in  order  that  his  reply  might  have  the 
same  privilege.  Any  Board  of  Examination,  Mr.  Bowlker  said,  would 
cashier  a  candidate  who  would  affirm  that  the  friction  due  to  a  Guibal 
casing  was  nil  (or  zero),  and  that  he  (Mr,  Morison)  expected  the  Guibal 
fan  to  subvert  the  laws  of  nature.  In  the  first  place  he  would  assure 
Mr.  Bowlker  that  he  had  every  reason  to  believe  that  no  Board  of 
Examination,  on  which  eat  any  members  cognisant  with  the  principles 
of  the  Guibal  fan,  would  disqualify  a  candidate  for  stating  what  was 
correct;  and  that  he  in  the  second  place  only  expected  the  Guibal,  or 
any  other  machine,  Mr.  Bowlker's  included,  to  carry  out  the  ordinary, 
though  not  simple,  laws  of  nature,  Leaving  this  purely  personal  matter 
he  now  proceeded  to  explain  the  remarks  which  called  forth  Mr.  Bowlker's 
adverse  criticism  of  his  qualification  for  a  certificate  of  competency. 

In  the  first  place  he  stated,  more  briefly  and  less  clearly  than  he 
should  have  liked,  that  no  friction  whatever  was  due  to  the  Guibal  casing 
as  a  casing,  and  this  he  hoped  subsequently  to  prove.  In  fact  he  held 
that  the  form  of  casing,  adopted  after  years  of  study  and  practice  by  M. 
Guibal,  was  the  only  means  of  not  only  obviating  friction,  but  of  restoring 
the  greater  portion  of  the  tangential  velocity  of  the  air,  which  (unlike 
the  radial  velocity)  was  entirely  forfeited  by  every  other  centrifugal  fan, 
even  by  that  of  Mr  Bowlker's  own  invention. 

That  there  was  friction  in  the  passage  of  the  air  from  the  inlet  at  the 
centre  to  the  outlet  no  one  would  deny,  but  M,  Guibal  claims,  and  the 
speaker  believes  justly,  to  utilise  even  this  friction  by  his  mode  of  discharge. 

Thus  at  rf,  Plate  YIL,  which  is  the  first  point  beyond  the  discharge 
where  depression  is  exerted,  the  water-gauge  is  only  5  millimetres.  This 
gradually  increases  up  to  ny  where  it  exceeds  20  millimetres,  still  further 
increasing  at  b  to  over  SO  millimetres,  and  reaching  its  highest  tangential 
energy  beyond  b  at  the  commencement  of  the  evasee  circle. 

This  diagram  was  copied  from  one  drawn  up  by  the  Government 
officials  of  Belgium,  some  twelve  years  since,  from  water-gauges  placed  in 
the  casing  at  the  points  indicated,  and  not  made  purposely  to  vindicate 
any  theory,  and  it  would  lie  seen  that  the  figures  which  are  in  milli- 
metres Rhow  a  steadily  advancing  depression  (or  the  reverse  of  friction) 
from  the  back  of  the  chimney  outlet  to  the  channel  by  which  the  air 
alone  escaped  ;  and  that  consequently  the  casing  actually  conduced  to 
render  the  air,  should  any  particles  by  any  chance  be  foolish  enough  to 
take  a  gratuitous  journey  round  the  periphery,  more  and  more  friction- 
less,  if  he  might  use  such  a  term. 
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The  speaker  then  showed  that  the  tangential  energy  was  restored  by 
the  accumulation  of  depression,  which  implied  want  of  friction  by  the 
casing  and  by  the  form  of  the  outlet  or  evastfc  chimney,  and  then  con- 
tinued— To  return  to  Mr,  Bowlker  s  proposal,  i.e.  to  derive  benefit  from  a 
series  of  similar  outlets.  What  happens  ?  If  he  puts  his  number  2  evasee  at 
a,  his  No.  3  at  bf  he  loses  the  depression  due  to  the  casing  from  a  to  bt  and 
his  No.  1  at  c  is  reduced  to  the  same  or  even  worse  condition.  The  air 
then  obtains  no  potential  energy  from  the  tangential  force,  and  becomes, 
in  fact,  treated  as  if  in  an  open  fan. 

In  other  words,  if  three  openings  suit  Mr.  Bowlker  why  not  six  or 
even  one  every  fuot  ?  Then  there  was  friction,  not  dm  to  the  casing 
but  to  the  friction  of  the  expelled  air  upon  the  surrounding  atmosphere, 
inasmuch  as  no  tangential  energy  could  be  restored. 

Before  finally  quitting  the  subject  of  friction  due  to  the  casing,  he 
eaired  to  adduce  a  practical  proof  of  his  assertions,  which  could  be  tested  by 
any  member  of  the  Institute  who  was  unconvinced  and  w  ho  could  spare  the 
time  and  expense,  namely,  to  make  an  opening  at  any  part  of  the  casing  and 
find  whether  more  engine  power  and  less  air  was  not  the  result.  The  water- 
gauge  would  fall  nearly  thirty  per  cent,,  the  volume  of  air  in  the  ratio  of 
the  square  root,  and  the  steam  would  have  to  be  greatly  increased  to 
keep  the  same  speed  of  engine  with  these  diminished  results. 

Having  now,  he  feared,  rather  appeared  to  depreciate  Mr.  Bowlker's 
system,  he  must  express  his  opinion  that,  although  wrong  in  his  ideas  of 
practical  usefulness  to  be  derived  from  a  number  of  outlets,  he  had  struck 
a  good  chord  and  one  of  importance  in  suggesting  a  diminution  of  diameter 
and  an  increase  of  speed.  This  subject  had  of  late  occupied  his  (Mr. 
Mori  son's)  attention,  and  the  result  of  his  inquiries  had  been  rather  to 
alter  the  mode  of  driving  the  fau.  His  friend,  Mr.  Cockson,  of  Wigan,  had 
farther  amplified  this  by  altering  the  sect  ion  of  t  he  blade  so  as  to  obviate  the 
vibration  due  to  the  air  passing  through  the  outlet;  if  he  succeeded  in  this  he 
would  remedy  a  defect  which  he  was  rather  disposed  to  believe  Mr.  Bowlker's 
arrangement  would  tend  to  aggravate.  He  desired  to  say  in  conclusion 
that  the  two  first  Guibal  fans  erected  in  England  in  1805  were  at  Elswiek 
and  Pel  ton,  and  they  are  still  working,  having  cost  comparatively  nothing 
beyond  the  engines  which,  from  overwork  and  old  age,  have  occasionally 
given  trouble.  If  the  weight  on  the  main  bearings  could  be  sensibly 
reduced  and  the  twisting  strain  of  the  crank  and  connecting  rod  done 
away  with,  the  Guibal  fan  itself  would  always  be  found  to  show  the 
path  to  many  improvements  in  its  application.  Experiments  on  a  Guibal 
fan  without  blades  and  air  took  very  nearly  the  same  power  as  with 
blades  and  no  air. 
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Mr.  Bowlker  said,  Mr.  Morison  hud  exhibited  a  diagram  which 
was  intended  to  show  that  the  air  inside  of  the  Guibal  fan  produced 
no  friction.  He  would  ask  Mr.  Morison  to  say  how,  with  the  shutters 
lowered  down  to  the  lowest  point  and  the  small  aperture  that  then  remained, 
filled  in,  54  horse-power  was  required,  whilst  with  40  feet  and  45  revolu- 
tions less  than  50  horse-power  was  required  ? 
Mr.  Morison — That  includes  the  engine  itself. 
Mr.  Bowlkee — That  includes  everything*  He  supposed  Mr.  Morison 
would  not  say  that  was  entirely  due  to  the  engine  friction,  when  only  about 
100  horse-power  was  spent  in  ventilation  and  everything  else.  Let  them 
suppose  thnt  in  the  fan  in  question  the  pressure  at  the  outBide  showed 
760  millimetres,  and  that,  the  fan  was  being  turned  round  and  discharging 
air,  and  that  the  vacuum  was  according  to  the  estimate  shown  on  the 
diagram;  then  at  one  point  of  the  circumference  the  pressure  would  be 
723  millimetres.  But  supposing  the  shutter  was  lowered  down  and  the 
fan  was  turned  round  by  itself,  the  pressure  inside  the  fan  would  be 
increased,  and  it  would  be  nut  760  millimetres,  but  20  millimetres  more, 
it  would  be  780  at  the  periphery.  The  fact  that  there  was  a  slight 
difference  in  the  pressnre  outside  and  inside  the  fan  did  not  show  in  the 
least  degree  that  there  was  no  friction*  The  friction  would  be  as  he  had 
stated  in  the  paper,  as  much  as  34  horse-power.  The  water-gauge  was 
gut  at  the  drift  doors,  and  considering  that  the  shaft  was  Bhort,  and  that 
the  fan  ventilated  several  miles  of  underground  workings  in  a  thin  seam, 
he  hardly  thought  it  likely  that  50  per  cent*  of  the  water-gauge  would 
be  due,  as  Mr.  Steavenson  stated,  to  the  depth  of  the  shaft. 

Mr.  Steavenson — Hus  it  been  tried  at  the  bottom  of  the  shaft  ? 
Mr*  Bowlker— It  has  not  been  tried  close  to  the  bottom  of  the 
shaft, 

Mr,  Steavenson  said,  that  India-rubber  pipes  could  be  lowered 
down,  and  the  water-gauge  obtained,  and  it  would  be  found  to  decrease 
rapidly. 

The  President  said  he  had  seen  it  done  with  iron  pipes* 
Mr*  Bowlkeb  said,  some  gentlemen  thought  the  cost  of  the  fan  would 
be  ranch  in  excess  of  others.  He  would  be  glad  to  let  them  see  whether 
the  cost  was  greater  or  less  if  they  were  desirous  of  having  fans;  and  he 
thought  this  fan  would  not  only  give  the  highest  percentage  of  useful 
effect,  but  would  also  be  the  cheapest.  The  experiments  by  the  Institute 
experimenter  seemed  to  give  from  five  to  ten  per  cent,  better  effect  than 
with  other  fans;  and  this  meant  nearly  ten  to  twenty  per  cent,  saving 
in  the  steam  power  required,  and  wrs  from  ten  to  twenty  per  cent,  in  the 
size  of  the  engine,  and  in  saving  of  coals,  etc. 
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Mr.  W.  Cochrane  said,  as  the  experiments  recorded  by  Mr.  Daglish 
yielded  only  57  per  cent.,  the  ten  to  fifteen  per  cent,  improvement  claimed 
by  the  writer  was  entirely  lost.  Mr.  Bowlker  claimed  that  the  fan  was 
still  five  to  ten  per  cent,  better  than  the  Guibal  fan,  but  the  figures  now 
before  the  Institute  left  no  such  margin. 

Mr.  Bowlker  said,  that  in  the  Rockingham  fan  there  were  special 
conditions.  The  fan  made  the  maximum  useful  effect  that  could  be  got 
out  of  the  Guibal  fan.  The  ordinary  working  useful  effect  of  the  Guibal 
fan  was  about  45  per  cent. 

Mr.  Morison — With  the  same  engine  in  every  case? 

Mr.  Bowlker— Yes. 

The  President  6aid,  it  seemed  to  be  the  general  wish  of  the  meeting 
to  adjourn  the  discussion.  The  comparison  of  the  useful  effect  of  fans 
was  an  important  matter.  It  would  be  well  if  the  fans  could  be  tried 
at  the  same  pit  and  under  the  same  conditions. 


Tiie  following  papers  were  taken  as  read : — 

"On  the  Comparative  Efficiency  of  Non-conducting  Coverings  fur 
Boilers  and  Steam-pipes"  (Second  Paper),  by  Mr.  W.  J.  Bird. 

"On  the  Mineral  Resources  of  the  Rosedale  Abbey  District,"  by  Mr. 
Charles  Parkin. 

The  meeting  then  concluded. 
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ON  THE  COMPARATIVE  EFFIHKXCV  OF  NON-CONDUCTING 
COVERINGS  FOR  BOILERS  AND  STEAM  PIPES, 
(SECOND  PAPER.) 


Br  \\\  .1.  BIRD. 


At  the  February  meeting  of  the  Institute  the  writer  submitted  a  paper 
on  this  subject,  and  since  then  his  experiments  have  been  further  con- 
tinued. Some  new  materials  have  been  tested  and  t  he  results  compared 
according  to  the  method  previously  adopted,  Various  thicknesses  of  the 
same  substances  have  been  tried  and  thus  the  economical  e fleet  of 
increasing  the  thickness  of  a  covering  bus  been  determined;  and  lastly, 
the  saving  effected  has  been  calculated  in  the  case  of  boilers  as  well  as 
steam  pipes,  a  branch  of  the  subject  into  which  the  previous  paper  did 
not  cuter. 

The  former  experiments  were  made  on  the  following  materials— 
Toope*s  patent  covering,  hair  felt,  Jones  s  patent  Hritish-mado  silicate 
cotton,  and  Burnetts  composition.  The  new  substances  since  tested 
will  now  be  described. 

The  silicate  cotton  tested  in  the  late  experiments  is  manufactured 
from  Cleveland  slag,  and  supplied  by  Messrs.  F.  Jones  and  Co,,  of  Lon- 
don. Its  present  price  is  £10  ins.  per  ton,  and  as  one  ton  is  estimated 
to  cover  tfOO  square  feet,  inches  thick,  the  cost  per  square  foot  may  be 
taken  at  ^^d.  Another  variety  of  silicate  cotton  since  tested  is  that  supplied 
by  Messrs.  D.  H.  Dade  and  Co.,  of  Bermoudsey,  London,  and  it  has  also 
been  tried  in  the  form  of  a  silicate  cotton  composition.  This  material 
is  imported  from  the  Continent  and  differs  in  appearance  and  non-con- 
ducting properties  from  that  made  from  Cleveland  slog.  Its  cost  is 
£10  10s.  per  ton,  and  as  one  ton  covers  1,067  square  feet  li  inches 
thick,  the  cost  per  square  foot  is  about  2$A. 
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However  good  may  be  the  non-conducting  qualities  of  silicate  cotton, 
it  haa  always  suffered  from  this  drawback,  that  it  is  of  little  advantage  as 
regards  durability,  unless  it  is  encased  in  an  outer  Witting  of  sheet -iron, 
wood,  strawboard,  or  canvas,  which  of  course  very  materially  increases 
the  cost  of  its  application.  Consequently  it  is  advisable  that  it  should  be 
applied  in  the  form  of  I  cement  or  composition,  which  shall  be  self- 
adherent  to  the  surface  to  be  covered.  The  difficulty  is  to  effect  this 
improvement  without  destroying  the  porosity  of  the  cotton  and  impairing 
its  non-conducting  value,  Jones's  silicate  cottou  cement,  of  which  the 
test  results  were  given  in  the  former  paper,  adhered  well  and  was  durable, 
but  its  efficiency  as  a  non-conductor  was  vrry  low,  Dade's  silicate 
cottou  composition  is  a  recent  patent,  which  is  also  self-adherent  and 
durable  and  possesses  a  hii|h  non-conducting  value.  It  is  a  plastic 
material  whose  main  constituent  is  silicate  cotton  bound  together  with  a 
cementing  substance.  Its  price  is  £7  JOs.  per  ton,  and  as  one  ton  is  esti- 
mated to  cover  280  square  feet  1^  inches  thick  the  cost  amounts  to 
t>4d.  per  square  foot. 

This  composition  was  tested  at  the  thicknesses  of  I  inch,  inch, 
and  2  inches.  It  adheres  well  to  the  surface,  and  jwjfscsscs  a  very  high 
degree  of  durability  owing  to  its  l^eing  composed  entirely  of  mineral  sub- 
stances. It  also  possesses  a  certain  amount  of  elasticity  which  enables  it 
to  remain  closely  adherent  to  the  surface,  notwithstanding  the  expansion 
and  contraction  caused  by  repeated  heating  and  cooling.  When  dry  it 
forms  an  extremely  light  covering,  the  weight  being  only  H  lbs.  per  square 
foot,  1^  inches  thick. 

A  sample  of  the  material  manufactured  by  the  Eagle  Xon -conducting 
Cement  Company  has  been  tested.  This  cement  adheres  very  well,  Ret* 
quickly,  and  makes  a  very  hard  and  compact  covering.  It  contains  a 
considerable  proportion  of  fibrous  material  and  hair  Its  price  is  £8  10s. 
per  ton,  and  as  one  ton  covers  211*  square  feet,  inches  thick,  the  cost 
per  square  foot  may  be  reckoned  at  4d.  The  observations  show  that  it 
possesses  a  moderate  non-conducting  value. 

All  the  observations  were  made  on  the  large  steam-pipe  log  inches 
external  diameter,  mentioned  in  the  previous  paper.  They  were  con- 
ducted in  the  same  manner  as  there  described  and  the  heat  loss  determined 
in  a  similar  way,  so  that  it  v\ill  be  unnecessary  to  again  detail  the  process 
of  deduction. 

The  following  table  shows  the  temperatures  observed,  and  the  conse- 
quent heat  loss,  and  percentage  of  efficiency.  Most  of  the  figures  quoted 
in  the  former  paper  are  also  included  in  this  and  the  following  tables i — 
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Toopc**  patent  covering 

Do,  do. 
Hair  felt   

Do. 

Jones*  silicate  cotton 
Do.  do. 

1Hdc*s  do. 
Do-         do,  composition 
Do.         do.  do, 
Do.         do.  do. 

Eaftte  uou-conductiug  cement  . 

Burnett'*  couijtositiim 
Do.  do. 


Tc*Fl&ATl  Jit: 

or. 


HI 

251 
231 
251 
251 
251 
218 
237 
211 
241 
240 
251 
251 


Pipe. 


Ill 

9ti 
Lit 

196 
107 
108 
117 
72 
fi3 
128 
121 

|M2 


Air. 


I, MTn  vr.H  Hi»vb. 


Per  bq.  foot 


357 

357 
357< 
357 
:tr.7- 
:<57 
35f> 
308 
359 
860 

35  u 
:t57 
357 


7  G6'4 

7  41*3 
7  118*6 

7  73*3 

7  S0O 

7  57*0 

2  57  0 

4  63-2 

'1  21'4 

s  10  I 


|vr  ft  kofth 


Pipe 


Pipe. 


5  102-2 
7  857 
7  522 


9908  208  5  7«'9 
990*8  147  0  *5'2 
372'0  fi2'3 
9Wr8  2*>Nl  73  9 
990*81  321 K)  077 
90m  247"  I  Wl 
9M(!'5  203O  79' 4 
854-2  2l  75  0 
70  0  92'4 
31*  h  '.n»  1 
3030  62*9 
305- 1  002 


904" 

0996 
081-5 
990  H 


990*  220  5  78-1 


From  this  tabic  mar  be  observed  the  increaM  of  efflctoooy  obtriari 
by  increasing  the  thickness  of  covering.  To  double  the  thickness  means 
of  course  making  the  cost  of  material  a  little  more  than  double,  while  the 
non- conducting  efficiency  is  increased  only  to  a  small  extent.  The  follow- 
ing table  compares  the  efficiencies  at  different  thicknesses  as  far  as  the 
observations  go: — 

TABLE  IJ. 


Mattm  At.. 


Tonpe'n  patent  covering          ...   , 

.78-9 

852 

IUir  felt 

68*3  1  ... 

730 

Jones'?  silicate  cotton 

760 

Dade's  silicate  cnttim  c<im]Nv»Lt  P >it 

750 

92*4 

901 

Burnett**  Cfiuiposition 

00  2 

78-1 

Tun  KM9M  ik  Is*  nr.- 
2 


1 
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From  the  average  of  these  results  it  appears  that  if  the  thickness  of 
the  covering  is  doubled  the  non-conducting  efficiency  is  increased  only  in 
the  ratio  of  1  to  1*1  ft,  or  J  6  per  cent.  Remembering  at  the  same  time  that 
the  cost  of  covering  is  more  than  doubled,  any  increase  of  efficiency  thus 


obtained  is  at  a  disproportionate  expense.  Hence  it  may  be  concluded 
that  the  most  essential  requisite  in  a  non -conducting  covering  is  that  it 
should  possess  a  high  non-conducting  efficiency  with  I  moderate  thickness 
employed. 

For  the  purpose  of  further  comparison  it  may  be  as  well  to  select  one 
certain  thickness  of  each  material,  viz.,  J  inch  for  Toope's  patent  cover- 
ing and  hair  felt,  and  l£  inches  for  all  the  other  substances  tested. 

It  will  now  be  advisable  to  state  the  absolute  saving  effected  by  the 
use  of  each  covering  in  the  case  steam-pi  pes  and  boilers.  Firstly, 
supposing  the  range  of  steam-pipes  to  be  1,000  feet  in  length  from 
the  boilers  to  the  engine,  a  state  of  things  not  infrequent  in  colliery 
practice,  and  the  external  diameter  of  the  Bteam-pipe  I  Of  inches  as  before, 
and  assuming  that  the  heat  loss  on  the  1,000  feet  range  to  be  simply  1,000 
times  that  of  one  foot  length;  ibis  assumption  would  be  quite  c«>r  n.rt  un- 
pipes  in  a  horizontal  punk  ion,  n  I  though  the  loss  on  a  vertical  column  would 
be  in  a  slightly  less  proportion.  As  $&Jt74  heat  units  per  hour  are  equal 
to  one  nominal  horse-power,  the  heat  loss  can  be  stated  in  these 
terms,  The  cost  of  each  material  in  coating  the  1,000  feet  length  is  also 
shown,  and  thus  the  cost  per  horse-power  saved  is  stated.  The  annual 
saving  i  f  fuel  is  estimated,  assuming  the  engine  to  be  continuously  worked, 
ur  a  consumption  of  coal  of  'J  cwts.  per  nominal  horse-] »ower  j»er  24  hours. 
The  value  of  the  fiml  is  taken  at  4s.  |ter  ton,  each  nominal  horse- 
power thus  costing  £7  lis.  |kt  annum. 


TAB LK  III 

Heat  Lo&s  rnoit  1.000  feist  or  Pips,  10|  i*.  extkbxal  Uumbiku 


NOM1KAL  H-P, 

<>r  Material. 

M*IF-H!AI 

U 

m 

Somi 

Bftl 

SHTUlf. 

TuUl 

Hot 

H 

in 

£ 

1, 

4- 

£ 

d 

M 

ft. 

4. 

Tool  >oV  nti ton  t  covering 

1 

i  m 

Ml 

11  23 

<> 

1  I 

12 

!♦ 

HI 

It* 

7 

Hair  Mt 

1 

5  84 

HQS 

46 

16 

3 

I 

'j 

64 

Hi 

ft 

J  one*1  ftiln-nti'  cotton 

1 1  n 

15- > 

9-m 

y 

3 

7 

4 

5 

6 

70 

6 

O 

Dade '*  -ilir^tr  cotton 

q 

\  1  Hi 

I'M 

1126 

31 

•A 

8 

i 

15 

6 

HI 

1 

6 

Dmlc'fi  silicate  cotton  1 
com  posit]  on    . .  ( 

1123 

100 

13  11 

84 

17 

1 

u 

9 

96 

IS 

5 

U 

141* 

&22 

8*87 

51 

12 

1 

6 

IB 

64 

15 

o 

Harnett*  lumiKiiition 

H 

t  in 

430 

Hi 

43 

18 

0 

4 

7 

71 

16 

6 

Comparing  UjilrrR  with  ftteum-|»i|*'a,  it  ie  evident  that  if  the  thicknerc 
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the  air,  remain  the  same  as  in  the  M  of  tthe  steam-pi|)eB,  then  the  out- 
side  temperature  of  the  covering  will  also  he  unaltered.  But  still,  under 
these  aim ilar  conditions  the  same  covering  will  give  a  different  percentage 
of  efficiency  on  a  boiler  than  on  a  steam-pipe, 

The  loss  per  square  foot  per  hour  from  radiation  remains  the  same  in 
both  cases,  since  the  radiation  loss  depends  not  at  all  on  the  size  or  shape 
of  i  body,  but  solely  on  its  temperature  and  that  of  the  surrounding 
medium.  The  loss  from  contact  of  air  however  is  different,  since  it 
depends  on  the  shape  and  size  of  the  heated  body.  The  air  contact  loss 
per  square  foot  diminishes  as  the  diameter  of  the  body  increases.  Thus 
the  total  heat  loss  per  square  foot  per  hour  is  less  on  a  boiler  than  on  a 
steam-pipe,  under  equal  conditions,  and  it  is  also  less  on  a  large  steam- 
pipe  than  on  a  small  one. 

In  these  calculations  the  1  toiler  taken  is  one  of  35  nominal  horse- 
power of  the  Lancashire  variety,  2h  feet  long  and  7  feet  i;  inches 
diameter*  It  is  embedded  in  masonry,  only  1  foot  8-J  inches  of  the 
vertical  diameter  remaining  exposed.  It  is  the  usual  practice  in  boilers 
to  leave  the  furnace  end  uncovered,  and  consequently  the  area  to  which 
the  covering  is  limited  is  in  this  case  225  square  feet.  With  a  covering 
j  inch  thick  the  cooling  surface  is  280  square  feet,  and  235  square  feet 
where  the  covering  is  1  £  inches  thick. 

Having  ascertained  the  heat  losses  per  square  foot  on  the  bare  and 
covered  boiler,  and  multiplied  by  the  extent  of  cooling  surface,  the  total 
heat  loss  in  both  cases  is  ascertained,  from  which  the  percentage  of 
efficiency  is  calculated.  It  will  be  observed  that  this  efficiency  is  higher 
than  it  was  in  the  case  of  the  8team-pii»es,  The  remainder  of  this  table 
is  deduced  in  the  same  manner  as  the  previous  one,  and  thus  the  effect  of 
the  different  coverings  on  a  l>oiler  can  be  compared. 


Toriyic'*  patent  covering 
Hair  felt 

J  one*'  ffilicatc  cotton  .. 
Dmle**  nilicnti*  cotton 
Dado's  S.C  composition 
Kagle  cement 
Hornet  t*»  iNitu]*iHitio!t 


TABLE  J V. 


g   Cult*  j*r  S«i 

~  Yt-  per  Hntu. 


ItL 

I  342 

t 


|  (ill 


N " M  H  I'. 


1W 


U  3 


B42-4  L14 
3121 

MO-8 

U  339  0 
ij  [342  4 


bu-y  i  n 
i  66*9  I'll 
K7"l  7341  I'll 
551   H31  1*10 
BS"*J  11 1 


Sav> 
Uif. 


0*21  0-9010 


R3-0 


7 1 7  Ml 


038 

0-19 
0-07 

0-38 
0-28 


U73 
0ii2 
0D1 

076 


Cant  vr 
Mat*  iuai 


N    ■!.   II  „i 

II  J\ 


Fuel 
pet 


£  •- 


1 

7 
3 

ii 

5  1 


t 


a  17 

:i  3 


d.   £      B  d. 

10  3  7 

1  4 II 11 
h  ;t  17  s 

2  BIO 
6  1 
5  1 
3  in 


\2  10 
11  10 
11  0 
1  2 
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Having  now  determined  the  heat  losses  both  for  8tcam-pi]>es  and 
boilers,  it  will  be  interesting  to  see  how  umcli  of  the  initial  nominal  horse- 
power of  the  boiler  remains  when  the  steam  arrives  at  the  engine. 

Taking  the  ease  of  two  boilers,  each  M  nominal  horse-power,  of  the 
same  dimensions  as  before,  communicating  with  the  engine  by  a  range 
of  steam-pipes  1,000  feet  long  and  10f  inches  external  diameter.  The 
initial  nominal  horse-power  at  the  boiler  is  thin  To,  and  the  losses  of  the 
two  boilers  will  be  just  twice  that  of  a  single  boiler,  which  is  shown  in  the 
preceding  table.  In  the  table  the  percentage  of  efficiency  of  each  covering 
for  both  boilers  and  steam-pipes  is  placed  in  the  first  two  columns  for 
the  j>ui|HJse     ready  eomparisuii. 


TAHLE  V. 


M  M  M  J  U 


Hnirfrlt  . 

Join-*'  silii'iih*  out- 

ton 

M 

Paulo's  niliculf 

ton  amnpoiittoi 

Illicit1  O'UH'llt 

Jliinirtt'x  mii»|N 
tion 


Od 


SOU 

73i 
S3  1 

mi 

7V7 


or, 

ftp*. 


789 


Y01OKA&  Hoiv*e  rowgfc 


mm* 


e^ 


^22 
2 


07  7  2**2 


7U4 


012 
ojii 
0*58 


J  nil 

2  18;  0  C6 
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The  writer  will  ne\t  proceed  to  roneider  the  qnestum  of  durability.  It 
may  be  asserted  that  all  the  material*  examined  possess  this  quality,  ex eept 
the  hilieate  iit-ttotis  and  hair  felt,  which  were  applied  in  a  loose  state  and 
tied  on.  An  outer  covering  of  sheet-iron,  wood,  strawboard,  or  canvas  is 
necessary  to  give  them  durability,  and  the  most  effective  would  be  the 
sheet-iron,  which  would  also  be  the  most  expensive. 

The  bhtef  deteriorutins  agencies  to  which  uon-cond acting  coverings 

are  <kX|M  Si  d  hit  |,rnl  and  damp.  Materials  ronlaiiimj:  Vegetable  fibre  and 
hair  air  ne  st  liable  fo  damage  from  heat.  Ihmielt's  ooinposii ion  and 
the  Eagle  cement  will  thus  deteriorate  and  become  lo  se,  to  some  extent, 
in  course  of  lime.    Toopes  covering,  though  largely  composed  of  organic 
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matter,  is  protected  by  an  inside  skin  of  asbestos,  which  makes  it  durable 
against  heat.  The  silicate  cotton  composition,  being  entirely  mineral, 
will  resist  heat  best. 

As  against  damp,  the  silicate  cotton  com  position,  the  Eagle  cement, 
and  Harnett's  composition  are  all  very  durable.  Toope's  covering  is  very 
liable  to  damage  from  this  cause,  and  requires  a  waterproof  covering  to 
make  it  durable  in  wet  situations. 

Having  now  gone  through  the  main  points  of  inquiry,  a  summary  is 
given  of  their  results  by  comparing  the  substances  in  their  order  of  merit 
as  regards: — 

1* — Efficiency. 

2.  — Saving  of  fuel. 

3.  — Absolute  cost  of  material. 

4.  — Cost  relative  to  horse-power  saved. 

1.  — Efficianaj. — The  order  of  merit  is:  1,  Dade's  silicate  cotton 
composition;  2,  Dade's  silicate  cotton;  3,  Toope's  covering  ; 
4,  Burnett's  composition;  5,  Jones'  silicate  cotton;  6,  Eagle 
cement ;  7,  Hair  felt. 

2.  — Saving  of  ftvth — The  coverings  have  the  same  order  of  merit. 

3.  — Abtolttt*  wst  of  material* — 1,  Dade's  silicate  cotton;  2,  Hair 
felt;  8,  Burnett's  composition;  4,  Eagle  cement;  5,  Jones' 
silicate  cotton;  6,  Dade's  silicate  cotton  composition;  7, 
Toope's  covering. 

4.  — Relative  cost, — 1,  Dade's  silicate  cotton;  2,  Burnett's  composi- 
tion; 8,  Hair  felt;  4,  Jones' silicate  cotton;  f>,  Eagle  cement; 
6,  Dade's  silicate  cotton  composition;  7,  Toope's  covering. 

In  conclusion,  the  writer  would  remark  that  this  list  of  non-conducting 
coverings  by  no  means  includes  all  substances  in  the  market.  However, 
the  experiments  have  been  made  on  various  materials  in  extensive  use, 
which  are,  no  doubt,  as  good  as  any  at  present  before  the  public. 
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ON  THE  MINERAL  RESOURCES  OF  THE  ROSEDALE  ABBEY 

DISTRICT. 

Br  CHARLES  PARKIN. 

With  the  exception  of  the  ironstone,  including  the  famous  magnetic 
deposit,  the  Uosedu'e  Abbey  district  has  received  very  little  attention ,  but 
although  the  mineral  described  may  be  considered  of  the  first  importance, 
the  extensive  beds  of  limestone  and  freestone,  together  with  the  presence 
of  alum  shale,  jet,  cement  stones,  road  metal  (inferior  limestone),  lead, 
clays,  coal,  and  valuable  peat  beds  render  the  neighbourhood  worthy  of 
more  notice  than  it  has  attracted  hitherto.  The  supply  of  ironstone  and 
limestone  from  this  quarter  into  the  Cleveland  iron  and  steel  trade  will, 
no  doubt,  in  the  future  be  considerable.  It  is  intended  in  this  paper 
to  remark  on  each  of  the  minerals  separately. 

I*— IRONSTONE.— DESCRIPTION  OF  PAST  OPERATIONS, 
The  geological  formation  of  t  he  ironstone  has  been  repeatedly  described, 
and  it  is  therefore  unnecessary  to  say  more  on  this  part  of  the  subject, 
except  to  refer  those  who  wish  for  further  details  to  the  papers  read  before 
the  members  of  this  Institute  by  Mr.  John  Marley  in  June,  1857,*  by 
Mr.  Joseph  Bewick  in  December,  1857,f  by  Mr.  N.  Wood  in  February, 
18594  and  by  Mr.  John  Marley  again  in  August,  1870.|| 

The  oolitic  rocks  of  England  extend  from  Rcdcar,  near  the  mouth  of 
the  Tees,  to  Filey  Bay,  on  the  East  Coast,  fi  distance  of  nearly  50  miles, 
and  reach  westward  to  fttokesley,  Northallerton,  Thirsk,  and  Easingwold, 
and  form  the  surface  strata  of  the  Rosedale  Abbey  district. 

According  to  Dngdale's  Monasticon,  Vol  L,  page  5u7,  an  inspeximus 
dated  at  York  the  2Gth  February,  1328,  the  2nd  of  Edward  1IL,  recites 
a  grant  made  on  the  16th  of  August,  1201),  by  Robert  de  Stutevillc,  of  a 
meadow  in  Rosedale,  to  the  nuns  of  that  place  mar  to  his  forge.  This 
circumstance,  and  the  presence  of  numerous  heaps  of  slag  and  remains  of 
ancient  works,  having  the  appearance  of  hearths  where  charcoal  has  been 
burnt,  afford  ample  proof  that  iron  was  manufactured  here  early  in  the 
thirteenth  century. 

In  the  year  185'J,  the  late  Mr.  Qeorge  Leeinan  and  Partners  obtained  a 
lease  of  the  extensive  royalty  of  West  Rosedale  and  Spuunton,  containing 
about  8,000  acres,  for  a  period  of  sixty  years,  Plate  VIII.  and  the  portion 
coloured  green,  belonging  to  Henry  Darley,  Esq. ;  and  in  the  same  year  the 
•  Vol.  Y.a  page  165.    f  Vol  VLf  page  15,    J  V»l.  VII..  }^H5.      Vol.  XIX.,  ]'W  103. 
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North-Eastern  Railway  Company  applied  for  and  obtained  an  Act  of  Parlia- 
ment empowering  theru  to  construct  a  branch  line  from  Battersby  Junction 
to  the  West  Rosedale  Mines  for  the  transit  of  the  ironstone,  which  was  chiefly 
sent  to  the  Ferryhill  Iron  Works.  Five  years  afterwards,  Mr,  Iveeman 
and  his  Partners  became  associated  with  the  late  Sir.  James  Morrison  of 
Newcastle-upon-Tyne,  under  the  style  of  "  The  Rosedale  and  Ferryhill 
Iron  Co.,"  and  having  purchased  the  Rosedale  Abbey  Estate,  they  opened 
up  the  ironstone  on  the  east  side  of  the  dale,  and  the  Rosedale  Branch  Rail- 
way was  extended  for  the  carriage  of  it,  Plato  IX,  In  1874,  the  Company 
further  increased  their  output  by  linking  SherrifTs  Pit  on  the  west  side  to 
the  north  of  the  magnetic  workings.  In  187L>  the  mines  were  stopped 
owing  to  the  depression  in  trade;  but  in  1880  SherrifTs  Pit  aud  West  Rose- 
dale Mines  were  bonght  by  the  West  Rosedale  Ironstone  Company,  Limited, 
and  a  small  output  of  magnetic  ironstone  is  now  being  vended.  Messrs. 
Navery  and  Company  opened  the  Farndalc  Mines  in  l*7o  (  adjoining  the 
West  Rosedale  Royally),  from  which  a  considerable  quantity  of  ironstone 
has  been  quarried,  but  the  mines  are  closed  at  present. 

Tiie  following  statistics,  kindly  supplied  by  Robert  Hunt,  Esq.,  F.R.S., 
of  the  Mining  Record  Office,  show  the  output  of  ironstone  from  the  Rose- 
dale Mines  siuce  their  commencement  in  185ii,  up  to  the  end  of  hist  year : — 
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This  output,  with  the  exception  of  about  32,000  tons  from  SherrifFs 
pit,  was  nearly  all  calcined  at  Ifngctlule,  kilns  for  that  purpose  being 
erected  both  at  the  east  and  west  mines. 


PRESENT  AND  FUTURE  DEVELOPMENT. 

The  magnetic  ironstone,  so  far  as  present  discoveries  are  concerned, 
will  soon  be  all  worked  out,  so,  in  the  absence  of  new  discoveries,  the 
future  working  mast  be  from  the  regular  seam  or  seams.  The  seam  now 
worked  at  the  mines  iu  this  district  is  what  is  termed  in  Mr*  Marley's 
paper  the  top  seam  of  the  lias  formation,  and  overlies  the  magnetic 
deposits;  the  average  thickness  workable  may  be  taken  at  6  feet,  although 
it  varies  very  much  at  the  different  points  opened  up.  The  beds  dip 
south  about  1  in  22,  and  the  specific  gravity  of  this  ironstone  is  about 
2  35,  or  equal  to  15  cubic  feet  per  ton.  As  the  seam  is  followed  to  the 
dip  it  takes  off  materially  both  in  quality  and  thickness;  this  is  particularly 
illustrated  at  SberrifTs  pit,  where,  at  the  drill  mouth,  the  seam  is  8  feet 
thick,  but  at  the  extremity  of  this  drift,  about  £G0  yards  in  from  the  out- 
crop, it  is  only  3  feet  8  inches  thick,  and  the  percentage  of  the  stone  only 
21T50  per  cent.  The  gradual  falling  off  will  be  seen  by  the  figures 
below : — 
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„  3rd  bord  to  left 
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The  overlying  strata  is  principally  sandstone  or  freestone,  through 
which  the  water  rapidly  passes,  causing  an  excess  of  moisture  in  the  iron- 
stone during  wet  weather  which  is  somewhat  detrimental  to  the  sale  of  it. 
This  drawback,  however,  is  much  less  in  the  summer  months,  as  the 
following  assays  of  train  loads  sampled  as  received  at  the  furnaces  prove: — 


Average  of  three  winter  months 
„        three  summer  „ 
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The  output  per  man  per  shift  of  eight  hours  is  less  here  than  in  Cleve- 
land, owing,  to  some  extent,  no  doubt,  to  the  beddy  nature  of  the  seam 


which  roili tales  against  successful  blasting.  The  Cleveland  men  average 
about  5J  tons  per  shift,  whilst  the  Rosedale  miner  only  averages  about 
Z±  tun,s  \>i'Y  shift;  e<>nse<jueiuk,  it  is  obvious  that  the  latter  must  be  paid 
an  extra  tonnage  rate  in  order  to  make  wages  equal  to  the  Cleveland  men. 
The  present  price  is  Is.  2d.  per  ton  at  Rosedale,  with  extra  yard  money 
and  consideration  paid  for  working  the  magnetic  ironstone  deposit.  The 
coat  per  ton  for  timbering  runs  from  4d.  to  f>d.,  and  the  royalty  paid 
is  4d.  per  ton  for  ironstone  under  -40  per  cent.,  and  6d.  per  ton  for  that 
yielding  over  40  per  cent. 

Now  comes  the  all-important  question  as  to  what  may  be  safely 
assumed  the  average  percentage  of  the  Roeedale  ironstone  as  supplied  to 
the  market,  and  although  the  writer  has  no  hesitation  in  stating  that 
samples  taken  in  certain  districts  of  any  of  these  mines  will  yield  up  to  35 
per  cent,  of  iron,  yet  he  is  bound  to  add  that  in  other  places  the  yield 
will  not  exceed  20  or  25  per  cent.  On  Plate  X.  will  l>e  found  the 
percentage  of  ten  working  places  in  the  Rosedale  East  Minis* 
taken  at  points  which  em  brace  ihe  whole  area  of  the  workings.  The 
average  of  these  eight  places  give  a  seam  of  6  feet  6  inches  thick,  and 
a  yield  of  B9*8S  pet  cent,  of  iron.  The  seam  has  been  analysed  also  midway 
between  SherrifTs  pit  and  the  West  Mines  on  the  west  side  of  Rosedale, 
and  the  result  arrived  at  as  under  may  be  considered  as  a  fair  average  of 
the  district : — 


Ft. 

A veruge  of  ten  working  pluce*    East  Miiu* 

G 

1 

„        five         t.             KhctTifTi  Pit  ... 

5 

10 

Midwiu  between  West  Mine*  and 

i) 

0 

2450 

Average  of  lt<>mlule  (list  rift 

6 

1 

It  must  be  remembered  that  if  great  care  is  taken,  and  the  operations 
confined  to  certain  districts  when*  the  stone  yields  well,  it  is  possible  to 
supply  ironstone  of  a  higher  percentage  than  the  average  here  given,  and, 
aw  it  is,  the  li"Sed;ilc  shun.-  compares  fairly  with  the  average  of  the 
Cleveland  mines*  It  may  not  be  out  of  place  to  give  a  few  com- 
plete analyses  of  some  of  the  mines  in  Cleveland.  Lincolnshire,  and  Rose- 
dale, showing  each  element  contained  in  the  si  one.  The  writer  would 
not  wish  it  to  l>e  inferred  that  the  lollowim:  results  are  an  average  of  each 
mine,  but  the  analyses  given  are  from  bona  fide  samples  taken  from  eadi 
place  : — 


MINERAL  RESOtlRCKS  OF  THK  ROSFDALK  ABBEY  DIBTKICT. 


Midway  between  West  Mines  and  ShcrritTfi  pit,  tinder  the  sub-soil,  w 
about  80  feet  of  good  freestone,  followed  by  about  70  feet  of  sandstone 
beds  intermixed  with  blue  shale;  under  this  is  the  seam  of  ironstone 
locally  known  as  "  the  top  seam  of  the  district,"  whteh  is  separated  from 
the  seam  now  being  worked  at  the  mines  by  ab)ut  three  feet  of  soft 
blue  shale,  with  coal  pipes,  and  one  foot  of  dogger  band.  The  *  top 
seam"  at  this  point  yields  i'9  per  cent,  of  iron,  but  h  very  silicennH,  and 
contains  many  pure  blocks  of  freestone,  enveloped  in  a  thin  ironstone 
shell;  it  is  about  eight  feet  thick  here,  whilst  the  seam  below  is  only  six 
feet  thick,  aud  very  poor,  yielding  only  20  per  cent.  It  is  also  very 
sandy,  consisting  of  round  blocks  of  light  blue  ironstone,  very  similar 
to  the  Cleveland  stone,  incrusted  in  brown  sandstone.  It  is  worthy  of 
notice  that  where  the  u  top**  scam  is  rich,  the  bottom  one  is  correspond- 
ingly poor,  for  instance,  near  Sheriffs  pit,  the  "bottom"  or  working 
seam  yields  32  per  cent,  whilst  the  "top"  seam  yields  only  2i  per 
cent. 

The  railway  carriage  to  the  Cleveland  and  other  furnaces  is  a  heavy 
item,  the  current  rates  paid  being  as  follows  :— 
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These  are  high  rates  when  compared  with  the  carriage  fr«un  the  Clove- 
laud  Mines  to  the  furnaces,  but  whether  it  would  answer  to  erect  furnace* 
at  Rogcdalc  in  questionable;  the  ironstone  and  limestone  would  be  close  at 
hand,  but  on  the  other  band  the  coal  and  coke  would  have  to  be  got  from 
the  Dnrham  district,  and  there  would  be  the  carriage  of  tbe  pig  iron 
hack  to  Middlesbro*.  A  rough  estimate  of  the  cost  of  making  one  too 
of  pig  iron  at  R*>sedale,  on  a  production  of  800  tons  per  week,  would  he 
about  as  follows: — 
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The  railway  carriage  of  a  ton  of  pig  irou  to  MiddlesbiV  would  bo 
about  3s.»  and  to  make  800  tous  of  pig  iron  per  week  would  require 
2,800  tons  of  ironstone  per  week. 

In  addition  to  the  ironstone  seams  mentioned,  the  Cleveland  Main 
Seam  crops  out  at  several  places  in  the  dale;  at  one  point  a  sample  was 
analysed  by  Messrs.  Stead  and  Pattinson,  of  Middlesbro',  giving  the  ft  al- 
lowing result: — 


Iron 
Silica 

Loss  by  calcination 
Iron  in  calcined  *tate 


P«r  Cent 
25  20 

ao-oo 

3210 


Per  Cirut. 

11  00  oxygen, 

7670 
8770 


The  seam  is  thin,  ranging  from  1  to  2  feet  thick  only,  at  the  various 
outcrops  visible, 

2>  LIMESTONE 

The  linaestoue  under  observation  is  that  which  is  worked  at  Pickering, 
Cropton,  and  district  lying  south-west  of  Rosedale.  Plata  XL,  Fig.  1 ,  is  a 
section  taken  from  one  of  the  largest  of  the  Pickering  quarries,  where  the 
limestone  is  wrought  and  sent  to  the  Grosmnut  boa  Works,  and  worked 
here,  and  elsewhere  in  the  district,  for  agricultural  purposes.  The  working 
beds  are  laid  R  or  9  feet  from  the  surface,  about  45  feet  thick,  divided  into 
blocks  H  feet,  1  feet  8  inches,  and  2  feet  in  thickness,  and  in  colour  light 
grey  and  blue  black;  under  this  is  13  feet  of  hard  limestone  of  poor 
quality,  locally  termed  "road  metal,**  and  used  for  repairing  roads  and 
building  purposes;  below  which  is  18  inches  of  cockle-shell  post,  overlying 
1 7  feet  of  yellow  sandstone.  This  sandstone  bed  in  other  localil  ies  is  found 
to  be  loose,  dry  sand.  Under  this  again  is  2  feet  of  very  hard  blue  flinty 
poet  overlying  another  bed  of  grey  limestone,  the  thickness  of  which  is 
not  visible.  Analyses  of  the  beds  wrought  here  give  not  more  than  84 
per  cent,  of  carbonate  of  lime,  but  at  the  Deepdale  quarries,  situated 
between  Hutton-le-Hole  and  Appleton  Common,  it  appears  to  improve  in 
quality.    Here  the  lieds,  of  similar  size  and  colour  to  those  at  Pickering, 
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yield  93  per  cent,  of  carbonate  of  lime  or  1)  per  cent,  more  than  the 
Pickering  stone.  The  Pickering  and  Kirbymoorside  railway  passes  in 
close  proximity  to  the  south  end  of  the  dale,  aud  the  West  Rosedalc  branch 
railway  is  situated  about  four  miles  from  the  north  end  quarries.  The  beds 
visible  on  each  Bide  of  the  vale  of  Dcepdale  are  about  150  feet  in  thick- 
ness, intermixed  with  sandstone.  Samples  taken  from  six  of  the  Decpdale 
beds,  assayed  by  Mr.  Alfred  Procter,  MiddLesbro',  yield  as  follows: — 


1. 

2, 

3. 

4. 

5. 

rt. 

Sand,  rhiy,  eU-.  .  , 

9-00 

640 

510 

aoo 

110 

HGO 

Obltaltti  ol  lime 

S9-40 

02  40 

94  '40 

9^20 

94-50 

92  50 

( 'arlwimU'  of  magnesia 

■50 

75 

75 

'20 

7o 

50 

M<  [  '  ii r< 

110 

*45 

■45 

■60 

70 

*  W 

100  00 

loo  oo 

10070 

tuu-ou 

100*00 

100  00 

Nos.  1,2,8,  and  4,  follow  successively  in  beds  b"  feet  thick;  No.  5 
is  a  sample  of  20  feet  of  limestone,  and  No.  G  of  10  feet. 

The  limestone  now  used  at  the  Cleveland  furnaces  contains  from 
1K5  to  07  per  cent,  of  carlxmatc  of  lime. 

The  railway  carriage  on  tins  limestone  to  the  Middlesbro*  Iron  Works 
from  Pickering  would  Ik?  about  2s.  Gd.  ]M?r  ton,  and  from  Deepdalc  about 
2s.  lod.  per  ton. 

3.  — KOAI)  METAL  (Ixfkhior  Limestone). 
The  material  used  for  repairing"  roads  is  an  inferior  hard  flinty  lime- 
stone, the  extensive  beds  in  this  district  present  the  opportunity  of 
carrying  on  a  successful  trade  in  road  metal,  provided  the  necessary  but 

small  extension  ot' railway  an  modation  was  made.    The  only  jHiiint  to 

which  the  writer  would  draw  particular  attention  is  the  Spind  let  home 
Hill  beds,  situated  about  a  mile  west  of  Rosedale  bank  top,  on  the 

Spa  uu  ton  M  \  where  the  stone  has  been  largely  quarried  for  highway 

purposes.  These  bids  are  quite  separate  from  the  general  limestone 
beds  of  the  district  which  have  just  been  under  notice,  and  are  laid 
above  the  freestone  and  ironstone  of  Rosed  ale.  Plate  XI.,  Fig.  is  a 
section  ot  one  of  the  quarries;  first  then  is  about  ■»  fret  of  related  1  rudders 
of  the  static,  of  various  shapes,  but  prineipally  oblong,  through  which 
may  be  found  round  water  holes  of  different  dimensions;  these  blocks  are 
embedded  in  bmwn  suit  sand;  below  these  boulders  is  a  compact  bed  of 
the  stone  about  4  feet  thick;  under  this  again  is  :i  or  4  inches  of  fossilized 
post  overlying  a  bed  of  1 1 ^ht  blue  shale.  The  beds  crop  out  in  Loskey 
Beck  on  the  Spaimtou  Moor,  from  Llie  U  d  of  whirh  the  writer  took  the 
following  ol  Nervations,  which  will  show  the  strata  surrounding  the 
Spindlrl  home  U-ds. 
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The  water  in  the  Deepdale  beck  (as  well  as  others  in  the  immediate 
neighbourhood)  disappears  below  the  surface  during  dry  weather,  in  dome 
places  leaving  the  bed  of  the  river  perfectly  dry  tor  two  or  time  miles  and 
flowing  out  again  at  some  distance  further  on.  The  writer  presumes  this 
is  caused  by  swallow  hides,  which  are  of  common  occurrence  in  the  lime- 
stone formation  in  various  parts  of  Yorkshire  and  elsewhere.  The 
discussion  on  Mr.  .f,  B,  Simpson's  paper  "On  Natural  Pits  in  the  Coal 
Measures  of  Belgium,"  mid  before  the  members  of  this  Institute  in 
December*  1873,  (Vol.  XXIIL,  jmgt*  74)  deals  with  this  phenomenon. 
Com  men  cinq  at  Footpath  to  Uablry  Lodoi. 


Fettt. 

1.  — Freestone                                              .  " 

2.  — Shale,  liglit  *undy  3 

3.  — Freestone,  soft  brown  Ii 
& — Freestone,  hard  brow  n                                       . . .  2 
5* — S \ iale ,  «ifft,  sail dy,  yeUow  fi 
*!. — Shale,  light  blue  with  3  in.  coal  pipe  ...  ...  4* 

7. — Flinty  limestone,  compact        ...       ...                ...  4* 

H, — Sandstone  soft  ...  1# 

9 — Flinty  limestone  boulder*  enveloped  in  brown  wind   .  t* 

10.  — Suiidrtone,  alternate  beds  nf  white  and  yellow  20 

11.  — Sandstone,  full  of  small  round  water  boles  ...  2 

12— Shale,  stift  blue   ..,                 >M    2 

13* — Sandstone,  very  light  yellow     ...  ...  .J 

14, — Shale,  Rrcv  and  blue  wift         ...                           ...  ...  t> 

15     D»ffw  r  hfind.  hnrcl  red                                          ...  .3 

16.  — Shale,  strong  blue                   ...    ...  f 

17,  — Sandstone  and  loose  sand  ..  \ 
1& — Blue  shale  and  sand                                         ...  ...  16 

19.  — Hard  flinty  post  .    2 

20.  — Shale,  soft  blue  ...    ...  12 

Total   109 

l*eft  off  at  Loskuy  Bridge. 
*  See  Section  of  Splndtethimie  Q.u*rrie*  PUUa  Xt 

Analyses  of  this  stone  give : — 

Iron   7*05 

Silica        ...  ...  2-15 

Carbonate  of  lime  78  05 

4.^  FREESTONE. 


The  freestone  and  flagstone  beds  are  laid  about  70  feet  above  the 
'*  top  seam"  of  ironstone  i  there  are  several  good  quarries  of  freestone  in 
the  distinct  presenting  a  face  of  from  '20  to  80  feet  thick,  and  the  stone  is 
found  very  Buitable  for  building  purposes;  the  flagstone  from  the  Kosedule 
quarries  is  exceptionally  good. 
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5.— CEMENT  STONES. 

The  cement  stones  occur  in  round  balls;  the  band  containing  them  is 
immediately  above  the  top  ironstone  seam  and  it*  about  2  feet  thick.  Up 
to  the  present  time  they  have  not  been  worked  here. 

6, — ALUM  SHALE,  JET,  AND  CLAYS, 

The  writer  having  already  read  a  paper  on  the  jet  and  alum  shale 
before  the  members  of  this  Institute  (see  Transactions  Vol.  XXXf.,  page 
51)  it  is  unnecessary  to  describe  these  well-known  minerals,  both  of  which 
arc  found  here  in  fully-developed  beds  ami  deposits.  AU)ve  the  cement 
stone  band  is  a  bed  of  good  clay  suitable  for  brick  making  purposes. 

Owing  to  a  change  in  the  manufacture  of  alnm,  Al  (H4  N)  (S04)  2, 
has  of  late  years  been  substituted  for  that  made  from  the  common  alum 
shale  or  alum  ehist. 

7.-  COAL  AND  PEAT. 

Some  seams  of  inferior  coal  have  been  formerly  worked  on  the  Rosedale 
Moors,  D.D.  Plate  IX.,  the  deepest  shaft  not  exceeding  30  yards. 
The  seams  are  in  thickness  from  I  inch  up  to  20  inches,  those  which 
have  been  worked  varying  from  12  to  fcfl  inches.  Before  the  branch 
railway  was  made  to  Rosedale  a  considerable  trade  was  carried  on  both 
for  household  purposes  and  for  burning  limestone.  The  coal  is  of  a  shaley 
nature  and  1 1 urns  to  a  white  ash.  On  the  moorland  surrounding  Rosedale 
then:  are  extensive  peat  beds,  ranging  from  1  up  to  10  feet  thick,  and  lying 
usually  on  a  loose  white  sand  foundation.  On  the  West  Moor,  at  a  place 
known  as  Jewell  Mere,  there  is  a  peat  bed  covering  an  area  of  about  100 
acres,  a  considerable  portion  of  which  averages  altout  G  feet  in  thickness, 
and  the  West  Rosedale  railway  passes  close  to  the  ground,  affording  every 
facility  for  conveying  away  the  peat.  That  these  beds  might  )>o  utilized 
both  for  steam  and  other  purposes  is  indisputable,  and  if  cut  and  dried  by 
machinery,  similar  to  the  plan  adopted  with  the  Dartmoor  peat  in  Devon- 
shire, the  peat  could  be  sold  to  the  district  at  a  cheaper  rate  than  the  coal 
is  supplied  at  now.  The  writer  visited  a  Copper  mine  in  Wales  some  time 
ago  where  peat  was  rut  rl'>s<  to  the  mine  for  engine  purposes;  it  was  pre- 
pared for  about  Os.  per  ton,  the  calorific  value  of  which  was  about  70  per 
cent,  of  coal  by  weight.  The  only  alteration  which  it  had  been  found 
necessary  to  make  at  this  mine  in  using  peat  in  hVu  of  coal  whs  that  the 
grate  surface  and  heating  surface  of  the  engine  boiler  had  to  be  propor- 
tioned for  the  heating  power  of  peat,  the  surfaces  l>eing  iu  proportion, 
nearly  inversely,  as  7"  to  100. 
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8. — LEAD. 

The  writer  would  remark  on  this  subject  with  some  degree  of  reserve 
at  present,  as  his  investigations  in  the  matter  are  as  yet  incomplete. 
Lead  ore  has  been  found  in  different  situations  of  this  district,  but 
whether  the  ore  exists  in  sufficient  quantity  to  pay  for  working  remains 
to  be  proved:  at  some  future  meeting  it  may  be  possible  to  throw  farther 
light  on  the  subject. 

The  writer  is  indebted  to  Mr.  John  Campion,  of  West  Rosedale,  for 
valuable  assistance  in  preparing  this  paper. 


To  iRttstratp  AlTCharics  Parkin  's  paper  ' 
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At  the  QflOenH  Meeting  which  tr&i  held  GQ  the  ]  4th  i*f  QotobtTj  after 
the  reading  of  Mr,  C.  Tyldcn-Wright  s  piper  on  the  "Channel  Tunnel,"  it 
will  be  remembered  that  Sir  Edward  Wutkm  invited  the  inernliers  of  the 
Institute  to  visit  the  Tunnel  Works  at  Dover.  Subsequent  correspon- 
dence with  Kir  Edward  fixed  the  18th  of  November  as  the  day  for  the 
visit,  and  circulars  were  issued  to  all  the  members  inviting  them  to  attend. 
About  110  members  expressed  their  desire  to  avad  themselves  of  Sir 
Edward's  kindness,  and,  at  his  request,  a  list  of  these  gentlemen  was  for- 
warded to  him*  Sir  Edward  then  took  the  matter  into  his  own  hands, 
and,  with  his  usual  lit>era]ity,  supplied  each  gentleman  with  a  free  pass 
from  his  plat*  of  residence  to  Dover  and  back. 

The  party  assembled  on  the  platform  of  the  Charing  Cmss  Station  of 
the  South-Eastern  Railway  at  nine  o'clock  in  the  morning  of  the  J  8th, 
and  were  received  by  Sir  Edward  Wat  kin,  the  Chairman,  and  Mr.  Shaw, 
the  (i^neral  Manager  of  the  Railway,  and  conveyed  in  the  special  train 
which  had  been  provided  for  them  to  Dover,  The  party  descended  the 
shaft  in  batches  of  thirty,  and  were  taken  to  the  face  of  the  Tunnel  in 
l  iftgtti  pushed  by  hand.  Many,  however,  walked  along  the  Tunnel 
with  a  view  of  more  particularly  examining  the  details  of  the  work  whieh 
had  been  executed. 

The  Tunnel  was  lighted  by  electricity,  on  the  incandescent  principle, 
and  as  a  general  description  of  the  Tunnel  has  been  given  in  Mr.  C. 
Tylden-Wright's  paper,  it  would  be  useless  here  to  recapitulate  the 
particulars. 

The  surface  machinery  is  of  the  ordinary  kind  for  compulsing  air,  and 
does  not  seem  to  require  any  detai  led  descri  ption .  The  li  ttle  com  pressed  a  i  r 
locomotive,  however,  which  was  descri  lied  in  detail  by  Colonel  ISuaumont, 
elicited  general  admiration  and  was  under  the  most  complete  control. 
t|  is  built  of  a  suitable  size  to  go  into  the  Tunnel,  and  was  running 

vol  s*m^#«ii  B 


fit; 
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about  on  a  railway  on  the  surface,  laid  on  *  cnrw  and  gradient  « >f  I  in 
80,  corresponding  to  the  heaviest  duly  it  will  haw  to  do  in  removing 
the  debris  under  ground*  It  consists  of  a  reservoir,  or  air  receiver,  about 
i)  feet  long  and  2  feet  inches  in  diameter,  with  circular  ends,  welded 
up  into  mho  si  did  piece  containing  (>n  cubic  feet.  The  working  fires* 
sore  is  from  1,000  lbs.  down  to  KM)  lbs*  per  square  inch,  and  the  reservoirs 
were  proved  by  Messrs.  Panic  !  Adamson  &  (ji.f  the  makers,  to  1,500  lbs. 
per  square  inch ;  under  this  pressure  they  are  absolutely  without  alteration 
or  form.  It  is  proposed  to  renew  this  test  every  year,  and,  at  the  same 
time,  to  wash  out  the  in  tenor  of  the  reservoir  with  boiled  oil  to  prevent 
any  corrosion  taking  place.  A  large  margin  of  safety  is  allowed,  and  at 
the  same  time  it  is  impossible  that  the  working  pressure  can  exceed 
1,000  lbs.  A  small  quantity  id'  water  accumulates  in  the  reservoirs 
during  the  working  of  the  machinery  and  is  let  out  occasionally  by 
means  of  a  small  cock  at  the  bottom.  The  air  is  conveyed  from  these 
vessels  to  two  compound  engines,  working  at  right  angles  to  each 
oilier,  each  having  cylinders  respectively  of  m2  inches  and  7  inches  dia- 
meter, and  the  valve  gear,  which  forms  a  special  feature,  is  ho  arranged 
that  (In  air  ran  b«  nit  off  in  the  small  cylinder  M  any  point  from  Zen.  it* 
full  st  roke.  Under  special  eircum stances,  such  as  starting  with  a  heavy 
lead,  the  air  can  be  admitted  direct  to  the  large  cylinder. 

One  of  the  mosl  interesting  uud  important  portions  of  Colonel  I  loan- 
nmnfs  invention  is  the  use  of  a  small  boiler,  not  much  larger  than  an 
ordinary  hat,  which  receives  its  heat  from  a  few  handfuls  of  coke.  The 
steam  from  this  I  toiler  jackets  both  the  cylinders,  and  also  heats  the 
air  before  it  ivache*  them.  Working  under  normal  conditions  of  load 
the  heat  so  obtained  enables  the  air  to  be  expanded  from  l,<mo  His, 
downwards  without  incouv euieuee,  so  that  the  whole,  or  a  very  large 
proportion  of  the  whole,  theoretical  pressure  due  from  this  expansion  it 
utilised,  the  air  coming  out  at  a  tciiqterature  o[' from  so  dcg.  to  i*<<  d- - 
causing  no  diHiculty  with  the  exhaust  to  be  experienced. 

The  length  of  this  engine  is  alnuit  13  feet,  its  width  overall  H  feet 
0  inches,  and  its  height  from  road  level  5  feet. 

The  principle  mi  which  the  engine  is  constructed  may  la*  summed  up 
as  one  enabling  high  pressures  to  be  used  without  the  loss  entailed  by  a 
reducing  valve,  and  at  the  same  time  keeping  the  temperature  of  the  an* 
from  dropping  during  expansion,  without  mixing  air  and  steam  together. 

During  the  visit  the  Company  supplied  air  bo  a  couple  of  8xed  reser- 
voirs, whence  it  was  taken,  by  adding  a  flexible  hose,  to  the  engine;  the 
oration  of  filling,  including  coupling,  did  m-t  exceed  a  couple  of  minute*. 
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It  is  this  arrangement  which  allows  high  pressure  to  be  used  with 
economy. 

One  cubic  foot  of  air,  at  sixty-eight  atmospheres,  is  produced  from  a 
consumption  of  one  pound  of  coal,  and  it  will  haul  a  gross  load  of  three 
tons  (including  the  engine)  one  mile  on  the  level  portion  of  an  ordinary 
well  laid  railway,  a  ton  and  a  half  on  an  ordinarily  constructed  tramway, 
and  three-quarters  of  a  ton  on  such  lines  and  with  such  rolling  stock  as 
would  be  used  in  a  colliery. 

Colonel  Beaumont  stated  that  with  large  compressors  aud  improved 
machinery  the  duty  would  probably  be  increased  some  50  per  cent.  The 
machine  under  inspection  had  been  very  hurriedly  built  for  the  Channel 
Tunnel ;  but  the  engine  Colonel  Beaumont  was  introducing  for  mining 
purposes,  while  producing  the  same  results,  was  very  materially  simplified. 

For  the  information  of  those  who  were  waiting  to  go  below,  a  number 
of  experiments  were  made  with  Smith's  lime  cartridges,  and  large  masses 
of  chalk  were  brought  down  the  side  of  the  cliff.  Professor  Abel's 
dynamite  shell,  in  which  the  dynamite  is  encased  in  a  water  cartridge, 
was  also  exhibited.  A  little  before  two  o'clock  the  party  left  by  special 
train  for  Dover,  where  they  were  entertained  by  Sir  Edward  Watkin  at 
the  "  Lord  Warden"  Ilotel,  and  returned  to  London  by  a  special  train 
arriving  at  about  six  o'clock. 


PROCEE  DINGS, 
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Professor  U.  A.  Lkbouk  and  Mr,  Charlkh  Z.  Bilvnimi  were  appointed 
grnitinetTH  to  examine  the  voting  |m|«?rs  for  the  election  Ofl  Councillor 
in  the  place  of  Mr.  W*  It.  Cok\  deceased,  and  it  was  subsequently 
announced  that  Mr,  Hexuy  Lawrknck  bad  been  elected. 

The  Sbtretarv  read  the  minutes  of  the  hat  meeting  and  Imported 
the  proceedings  of  the  CouiiflB- 

Thc  following1  gentlemen  were  elected,  having  been  previously  nomi- 
nated:— 

OHlJJNAKY  MeHBKUS 

Mr.  SinJCKY  Ferris  Walkkk,  KUrtru-al  fciijjpneer,  l!>:»,  Severn  1  Cimcl,  Canton, 
Cardiff. 

Mr.  Henry  Charlton,  Messrs  Hawk*.  CrauHhuv,  A  c.V,  i  inti^hetd. 
Mr,  William  Johnson,  ILK.,  West  Stanley  Colliery,  Cli<wt*r«lc-Slri<e(. 

Mr.  JOHN  K.  COCHRANE,  DWWiltlug  Kngineer.  Valuer.  At  ,.  HrU>>ri']o*IIi>tc. 
Keoee  Houses. 

Associate  Members  - 
Mr.  Charles  Davison,  Cnrnsay  Colliery,  near  K»h.  Durham, 
Mr.  John  Wales  Layerhk,  Middridge  Colliery,  Sbildon,  rta  Darlington. 
Mr.  Frederick  Hbrkley,  M.E.,  Murtou  Colliery,  near  Smulertand. 
Mr,  Johs  Lid  dell,  Coal  Owner.  rTmrrMfrU)  on  Tjtir 
Mr.  TiiOttAa  Hciiii  Bell,  C«*i1  Owner,  Middleslmnigh-ou/Tee*. 
Mr.  Henry  (tREENEit,  SmitU  Etatop  Colliery,  Auufiatd  Plain. 
VI  r.  Ci  W.  Ci  Henderson,  Coal  Ow  ner,  The  Etidfaff,  Heilmtn. 
Mr.  C.  J.  Hates,  Coal  Owner,  He<M<wj  |iank>,  near  Wylsnn. 
Mr.  Arthtr  Phase.  M.1\.  Coal  Owtier,  Darlington. 
Mr.  Robert  WArsoM  North  Seatou,  Moryieth. 
Mr.  Geo.  J.  Scthfielu,  Ifcrworih-iipftu-Ttet,  Darlington. 
Sttpefib— 

Mr.  WitUAil  U  LP  LEY,  South  Tan  livid  Colli  cry,  Che^u  r-]« -Sir*  rt 
Mr  Jamks  Mm,  Chawfoud.  Morton  Cnlliery.  neai  s  lei-land. 
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The  following  were  nominated  for  election  at  the  next  meeting: — 

Honorary  Member— 
Professor  P.  P.  Beixjon,  1).  Sc.  (Loud.,)  College  of  Physical  Science,  New- 
castle-on-Tync. 

Ordinary  Members— 
Mr.  Henry  Johnson,  jun..  Sand  well  Park  Colliery,  Wwt  Broinwicb,  So. 

Staffordshire. 
Mr.  Matthew  Liddbll,  Prudhoe-on-Tync. 

Associate  Members  — 
Sir  Matthew  White  Ridley,  Bart.,  M.P..  Blagdon,  Crainlington,  Northum- 
berland. 

Mr.  John  Allan,  Eisemis  Kreuz,  Neugasse,  Freiberg  in  Sachsen. 

Mr.  T.  J.  Armstrong.  Hawthorn  Terrace,  Newcastle-on-Tync. 

Mr.  John  H.  Burn,  Coal  Owner.  20,  Broad  Chare,  Ncwcastle-on-Tyne. 

Mr.  John  Bowes,  Streatlam  Castle,  Darlington. 

Mr.  Charles  E.  Jbffcock,  B.A.,  Birley  Collieries,  Sheffield. 

Mr.  Charles  Lacy  Thompson,  Milton  Hall,  Carlisle. 

Mr.  F.  I).  Johnson,  B.A.,  Aykleyheads.  Durham. 

Mr.  A.  E.  Burdon,  Hartford  House,  Crainlington,  Northumberland. 

Mr.  William  Thomas,  M.E..  Mineral  Office,  Cockennouth  Castle. 

Mr.  Joseph  Snowball,  Seaton  Burn  House,  Northumberland. 

Mr.  Robert  Rowbll,  Seghill  Colliery  Office,  Newcastle-on-Tyuc. 

Students  — 

Mr.  R.  Noble  Haig,  Lofthousc  Mines,  ria  Salthum-by-the-Sea. 
Mr.  Robert  J.  W.  Oaths,  Mining  Surveyor,  E.I.R.  Collieries.  Giridi,  Bengal. 
India. 

Tlic  following  were  announced  to  have  Income  Subscribing  Member* 
under  the  provisions  of  Bye-law  IX.: — 

The  Marquess  of  Bute. 
The  Birtley  Iron  Company. 


The  following  PajKT  "On  the  Feeding  and  Management  of  Colliery 
Horses,"  by  Mr.  Charles  Hunting,  was  then  read: — 
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The  President  of  the  Institute,  Mr,  G.  B,  Forster,  having  suggested  to 
the  writer  that  a  paper  on  the  management  nf  liursrs  would  In*  acceptable 
to  the  members,  as,  up  to  the  present  time,  this  important  subject  had 
not  been  touched  on  in  the  Proceedings,  he  has  much  pleasure  in  placing 
the  experience  he  has  had  during  the  hist  twenty  years  at  the  disposal  of 
i he  members  in  the  following  paper. 

The  South  Wales  Institute  of  Engineers  has  often  considered  the 
question:  once  in  Mr,  Jurues  Brogden's  Inaugural  Address,  1*7*1  (Vol* 
X.,  p,  14),  and  again  in  IHkii  (Vol  XIL,  p.  l'Ko),  in  a  paj>er  by  Mr. 
Wight,  of  Cwnmman  Collieries,  and  in  the  discussion  t hereon  <p.  tfiJfi). 

The  importance  of  the  subject  requires  little  insisting  on,  when  it  is 
remembered  that  the  horse  department  costs  the  Northern  coal  owners 
close  upon  a  million  sterling  per  annum. 

Economic  horse  management  consists  in  obtaining  the  greatest  amount 
««f  work  at  the  smallest  cost;  hilt  here,  as  in  every  other  department,  true 
economy  depends  upon  careful  selection  and  well-judged  nut  hod.  (iood 
food  must  accompany  good  work:  neither  should  be  disproportionate. 
It  is  difficult  to  say  whether  too  much  <>i  too  little  of  either  is  the  worst 
economy.  But  good  food  and  good  work  are  not  absolute  terms  capable 
of  mathematical  definition.  What  is  excess  of  work  for  one  horse  is  not 
for  another:  what  is  excess  of  food  for  one  horse  may  be  insufficient  for 
another;  or,  again,  the  food  required  by  a  horse  doing  moderate  work  is 
insufficient  for  the  same  horse  doing  hard  work.  There  is  still  another 
difficulty,  viz.:  that  equal  weights  of  food,  of  equal  market  value,  may 
differ  indefinitely  iu  feeding  value.  These  few  statements  will  show  that 
careful  selection  of  foods,  and  well-judged  method  in  proportioning  thm 
to  the  work  done,  are  absolutely  essential  to  economic  management,  and 
this  skill  and  judgment  require  some  scion ti fie  knowledge  and  some  prac- 
tical experience  not  always  thought  necessary  in  the  horse  manager  of  an 
establishment.  The  writer's  knowledge  of  the  subject  has  only  been 
obtained  by  long  experience,  by  freely  accepting  the  work  of  others,  and 
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by  submitting  each  theory  or  statement  likely  to  be  of  value  to  a  practical 
test*  The  subject  is  far  from  exhausted,  but  probably  any  further  deve 
ment  must  follow  the  lines  laid  down  iu  this  paper. 

Tabular  statements  of  the  cost  of  feeding  show  abflolutdy  nothing, 
save  by  comparison  with  others,  and  a  comprehensive  estimate  should  in- 
clude not  only  the  cost  of  food  but  thr  cost  of  horsc-tiesh  arid  the  amount 
of  work  done.  By  keeping  too  many  horses  to  do  a  certain  amount  of 
work  the  hill  for  feeding  can  be  made  to  look  economical.  By  stinting  the 
food  an  appearance  ol'errinomy  may  !>e  effected  on  pa[*?r,  but  the  condition 
of  the  horses  and  the  duration  of  their  lives  would  soon  dispel  the  illusion. 

Both  these  explanations  have  been  offered  to  account  for  the  state 
ments  of  economy  embodied  in  the  annual  report!  to  the  various  collieries 
under  the  writer's  charge,  tabulated  in  the  Apj^ndix,  page  107. 

Economic  horse  management  requires  care  in  the  conducting  of 
smallest  details.    From  the  purchase  of  the  animal  onwards,  every 
must  harmonize  and  be  subservient  to  the  general  object — economy. 

In  the  selection  of  horses  and  ponies  for  "  putting  *  work  there  is  pro- 
bably less  discretion  displayed  by  the  managers  of  many  collieries  than  in  any 
other  department.  Hundreds  of  ponies  are  sold  by  dealers  as  three  years 
old  which  have  not  lived  twelve  months,  and  it  is  quite  common  to  find  four 
or  five  in  a  drove  of  twenty,  both  Welsh  and  Shetland,  especially  the  latter* 
not  more  than  five  or  six  mouths  old,  but  which  are  always  sold  as  two  years 
old,  and  not  one  horse-keeper  or  owner  in  a  hundred  can  tell  by  their  den- 
tition whether  they  are  five  or  twenty  mouths,  in  both  eases  the  ponies 
having  all  "  milk"  teeth  in  their  mouths.  In  numerous  instances  where 
the  writer  has  beeu  called  in  to  examine  colliery  studs,  he  has  found  the 
pit  ponies,  not  cobs,  with  no  permanent  incisor  teeth  visible,  and  when  he 
has  stated  their  age  has  been  told  "that  he  must  be  wrong  because  the 
pony  had  beeu  a  year  and  a  half  iu  the  pit,"  but  it  was  true  never  theleaa. 
He  has  seen  several  hundred  |n>nies  iu  pits,  not  two  years  old,  that  have 
been  underground  over  a  year.  Their  history  is  marly  always  the  same 
"This  pony  has  never  done  well  since  he  came  down;  hus  a  [>oor  appetite, 
and  has  no  life  iu  him;  does  not  work  above  half  his  time,  and  tires 
before  half  the  shift  is  over,"  The  overmen  and  drivers  arc  always 
plaining  I  localise  the  new  pony  cannot  draw  the  Work  out.  The  driver, 
being  paid  by  the  "score,"  has  little  mercy,  ami  so  such  pouies  are 
generally  covered  with  sears  and  blemishes  I'roin  ill-usage;  their  hocks 
and  knees  arc  twice  as  large  as  they  oii^ht  to  be;  the  poor  brute  is 
to  live  in  paiulul  misery  all  its  life,  and  the  owners  lose  more  than 
percent,  iu  the  keepm:.  "I  a  ^  I «r  nearly  useless,  animal.    In  horaa% 
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the  evil,  in  many  colliery  studs,  is  the  other  way;  they  are  fine,  fat,  and 
good-looking,  but  their  teeth  allow  them  to  he  tar  into  their  "  teens,*' 
which  means  about  two  years'  work  instead  of  ten.  The  rule  eh  odd  1m> 
on  all  collieries  that  no  horse  should  l»e  bought  under  five  years  old  nor 
over  seven,  and  no  ponies  bought  under  three  years  old  off.  It  is  neces- 
sary that  all  animals  should  be  examined  by  competent  judges  of  age  and 
soundness  before  they  are  paid  for  by  the  colliery. 

Fit  horses  are  probably  the  hardest  worked  animals  in  the  kingdom, 
and  hard  work  cannot  be  economically  done  by  horses  unless  in  condition; 
yet  how  very  often  it  is  that  both  horses  and  ponies  are  bonght  one  day 
from  a  dealer,  after  being  fed  with  boiled  food  and  bran,  and  put  to  exces- 
sive wurk  in  the  jut  the  next.  In  addition  to  the  great  risk  of  importing 
infectious  diseases  into  underground  studs,  causing  the  loss  of  several 
hundreds  of  pounds,  there  is  always  tenfold  more  risk  of  injury  to  limbs 
and  internal  diseases  from  new  horses  out  of  condition  than  there  would 
be  from  new  horses  well  np  to  their  work,  wliich  risk,  in  a  well-regulated 
colliery,  is  always  avoided  by  working  all  new  auimals  for  three  or  four 
weeks  in  the  carts  and  wagons  on  the  surface  before  going  underground. 
It  is  very  remarkable  that  such  a  palpable  common-sense  matter  should  be 
so  often  overlooked  by  the  managers  of  collieries.  The  al surdity  and 
cruelty  of  this  is  only  exceeded  by  the  still  more  common  practice  of 
working  underground  animals  twenty  to  forty  hours'  shifts  without  their 
harness  being  taken  off.  There  is  nothing  done  on  a  colliery  that  is  more 
expensive  than  overworking  the  pit  animals  double  and  treble  shift. 

Having  secured  a  fair  stud  properly  proportioned  to  the  work,  the 
next  duty  is  to  keep  them  as  economically  as  possible,  and  this  requires 
that  they  be  kept  in  condition. 

What  is  this  "cimdition"  which  is  so  necessary  ?  It  is  that  state  of 
the  system  in  which  nerve  and  muscle  are  braced  to  their  full  extent;  that 
state  in  which  the  animal's  body  is  capable  of  performing  its  greatest 
amount  of  work,  and  in  which  alone  it  is  capable  of  sustaining  prolonged 
efforts.  If  a  horse  is  looked  upon  simply  as  a  machine  for  work,  this 
state  is  the  only  one  in  which  it  can  be  used  economically.  With  it,  the 
greatest  amount  of  work  of  which  his  muscles  are  capable  am  be  ob- 
tained; without  it,  a  certain  amount  of  mechanism  is  lying  idle,  i.e.t 
muscular  structure,  useless  for  want  of  tone.  This  fit  ate  depends  entirely 
upon  a  proper  balance  of  food  and  work:  ns  soon  as  an  animal  is  over- 
worked this  balance  is  upset,  and  a  state  of  being  is  commenced  in  which 
economy  is  no  longer  attainable. 

There  are  two  things  necessary  to  produce  condition  in  horses — work 
and  food;  or,  rather,  hard  work  and  high  feeding t  the  former  is  never 
vol.  mn- MB*  r 
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lacking  in  collieries,  ami  the  latter  can  easily  Ik*  attained  if  cost  be  no 
object.  A  sufficiency  of  oata  and  hay,  with  plenty  of  work,  will  produce 
condition,  but  at  a  moat  extravagant  cost;  but  high  feeding  can  be 
economically  attained,  and  horses  may  be  kept  in  the  highest  conditio^ 
at  a  cost  very  much  below  what  is  usually  incurred  fur  animals  doing 
light  work. 

There  are  three  conditions  which  render  high  feeding  economical:—- 

1 .  — The  selection  of  the  cheapest  but  best  food, 

2.  — Giving  that  food  in  a  form  moat  favourable  to  digestion. 

3.  — The  prevention  of  waste. 

The  selection  of  the  cheapest  and  best  food  is,  of  course,  a  matter  tfi 
l>e  settled  in  the  first  place  by  experiment,  as  have  been  the  results  now 
given;  and  in  order  that  these  results  be  accepted,  their  advantages  must 
be  understood.  An  outline  of  eIj.  rudiments  of  feeding  will  be  given, 
ignorance  of  which  reduces  even  the  most  extensive  and  careful  practice 
to  blind  rule  of  thumb. 

Long  before  chemistry  and  physiology  rested  upon  any  definite  prin- 
ciples, experience  had  taught  that  certain  foods  | assessed  BpftCiaJ  feeding 
values.  liy  the  aid  of  these  sciences  it  is  now  known  not  only  which  foods 
are  most  likely  to  be  useful  for  any  given  purpose,  but  why  they  arc  useful: 
and,  in  fact,  they  enable  the  exact  comparative  value  of  the  various 
feeding  materials  to  be  stated. 

Food  may  be  defined  as  a  material  which,  when  taken  iuto  an  animal 
body,  is  capable  of  being  changed  and  fitted  to  build  up  or  replace  the 
tissues  of  the  body.  Chemistry  shows  that  these  tissues  consist  of  nitro- 
genous, fatty,  and  saline  matters.  It  also  shows  that  foods  present  a 
similar  composition;  so  that,  if  the  proportion  of  these  constituent*  in 
any  food  is  known,  a  fair  idea  of  its  feeding  value  is  obtained.  But 
chemistry  alone  is  not  reliable,  as  these  constituents  are  not  always  in  a 
form  capable  of  being  digested;  and  here  physiology  is  useful,  showing 
what  is  and  what  is  not  digestible,  and  also  indicating  how,  under  certain 
circumstances,  some  constituents  are  more  essential  than  others. 

This  similarity  of  composition  between  animal  and  vegetable  bodies 
will  perhaps  be  more  apparent  by  a  glance  at  the  following  Table: — 


Com  i«*ll(oii  of    >  a( 

I*ry  Wood 

i>n  Vsajssi 

Curbnn 

51-803 

53*6 

HydViffLHi 

769U 

7  13 

Oxygeu 

IU127 

19115 

23  37 

Xitrugcn   

171G0 

1717c. 

Ash  or  vulU 

4-415 

lOfrOOO 

too coo 
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This  Table  shows  very  dearly,  from  a  chemical  point  of  view,  how  closely 
animal  and  vegetable  substances  resemble  each  other.  The  body  does 
not,  however,  appropriate  the  constituent*  of  plants  in  the  elementary 
form  here  given.  These  ultimate  elements  are,  in  the  plant,  combined  in 
various  proximate  forms,  suitable  for  the  nourishment  of  the  animal. 

The  following  Table  shows  the  comparative  composition  of  animal  and 
vegetable  bodies  in  those  more  complex  Conns,  and  it  will  be  noticed  that 
again  the  comparison  is  very  similar: — 

PROXIMATE  COXSTITITKXTS  OK 

ANIMAL  BOD  IKS. 

Water. 

Nitrotjcuoti*  matter — 
Kifariuu  (He&hj. 
Ctwrin  (milk). 
Albumen 
Fatty  mutter*. 

Saline  matter*— 

limb* 

Iron, 

Jn  addition  to  water,  the  constituents  of  both  annual  and  vegetable 
Bobetances  may  be  arranged  in  three  great  classes,  nitrogenous,  fatty,  and 
saline. 

The  nitrogenous  matter  of  the  animal  body  is  found  under  three 
forms,  varying  to  a  certain  extent  in  their  properties,  in  accordance  with 
their  derivation  from  flesh,  milk,  or  eggs ;  but  these  three  forms  are 
similar  in  composition  with  each  other  and  with  the  nitrogenous  matter 
derived  from  plants,  and  all  or  any  one  of  them  taken  into  the  body  of  an 
animal  is  capable  of  supplying  all  the  three  varieties.  The  gluten  of  oats, 
barley,  and  maize,  or  the  togmnin  of  beans,  peas,  and  tares,  supplies  to 
the  herbivora,  forms  of  nitrogenous  matter  as  suitable  and  as  valuable  as 
the  flesh,  milk,  or  eggs  consumed  by  the  omnivora. 

The  fatty  mat.terg  of  the  body  are  not  derived  from  the  vegetable  foods 
quite  so  directly  as  the  nitrogenous.  Animals  make  large  quantities  of 
fat  when  fed  upon  vegetables  containing  but  a  very  small  percentage  of 
this  article.  The  explanation  of  this  is  that  vegetables,  as  the  Table 
adowb,  contain  ingredients— starch,  £um,  and  sugar — which  do  not  retain 
their  original  properties  wln-n  taken  intu  1 1  jo  animals  body.  These  sub- 
stances uudergo  chemical  changes,  which  convert  the  starch  and  gum  into 
sugar,  and,  finally,  the  sugar  intu  fat. 


Water, 

.\  if  l  n-riinns  mutter — 

lilnU'l)  {ntits,  Hiill/i',  tVt'.l 
Le^mnhi  (Wan*,  jn'»s*  Air.) 

Putty  mutter* 

Start  II,  pmu,  ami  *UjCTiir. 
Sulimr  nmtters— 

Lime 

Iron 
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Tlicao  two  great  classes — nitrogenous  and  Fatty  matters— which  are 
found  in  all  animal  and  vegetable  bodies,  are  those  which  have  the  most 
influence  in  relation  to  horse  feeding,  as  the  flesh  or  muscle  of  the  horee 
is  derived  entirely  from  the  nitrogenous  constituents  of  vegetables,  which 
may  be  designated  as  the  flesh-forming  matter.  The  fatty  matters  are 
derived  from  the  fatty  and  starchy  constituents  of  the  food,  and  as  the 
ultimate  1 1 of  \)\\  in  the  bodv  R'vtlis  t"  be  its  e  msumptinn  for  the  pro- 
duction of  animal  h'-nt,  Hi  s  » lass  muy  1hj  called  tlie  heat-forming  matter. 

The  Bidine  matters  of  the  food  directly  supply  the  saline  matters  of  the 
body,  and  they  are  quite  as  essential  as  the  other  two  classes,  but  they  are 
required  in  smaller  quantities,  and  they  exist  in  more  constant  proportion 
in  each  article  than  the  other  two.  Of  course,  the  composition  of  vege- 
table foods  varies,  and  it  is  this  variation  that  constitutes  the  difference 
in  feeding  value  of  each  article. 

The  following  Table  gives  a  fairly  correct  idea  of  the  constituent*  of 
a  series  of  foods: — 


W»U'T 

Woody 
Fibnj. 

SUreh. 
lium. 
SllJf»T,  »tnl 

Hi 

1  iMfr 

A«h  or 

Beans  or  PeM  

its 

10-0 

•k>o 

ati-o 

M 

IWW   

13  7 

568 

13  0 

33 

Oat* 

11*8 

208 

:.2'0 

V2  S 

3-0 

Maize   

13-5 

511 

67'8 

l  -  l 

Hay   

HD 

:uo 

4T0 

5o 

5*0 

Carrots  , 

s.V7 

•TO 

90 

i:> 

0*8 

lOcUtitiv.) 

Flesh   

74-0 

3-0 

8D 

200 

The  large  amount  of  water  present  in  carrots  and  beef  increases  the 
comparative  proportions  of  the  other  articles,  all  of  which  are  in  a  dried 
state.  Again,  the  column  showing  the  amount  of  woody  fibre  is  impor- 
tant, as  this  article  is  indigestible,  and,  therefore,  almost  useless  a*  food. 

The  most  important  point,  however,  in  the  Table  is  this,  that  each 
substance  differs  in  composition,  some  eonhnnirii:  :i  hree  percenter  t.f 
fatty  or  starchy  matters,  others  containing  a  heavier  proportion  of  nitro- 
genous matter.  This  theoretically  suggests  that  some  foods  are  moat 
aui table  tor  the  production  of  muscle,  others  for  the  production  of  fat,  and 
experience  fully  confirms  the  correctness  of  this  indication.  It  will  be 
noticed,  however,  that  in  every  case  tlie  Table  shows  a  higher  percentage 
of  starchy  than  nitrogenous  matter.  This  is  not  because  more  fut- forming 
than  llcali -forming  food  is  wanted  to  meet  the  waste  of  tissue,  but  lievauae 
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a  very  large  quantity  of  fatf  starch,  and  sugar  is  applied  in  the  body  to 
keeping  up  the  animal  heat.  It  is,  to  speak  properly*  not  only  required  for 
the  renovation  of  the  body,  but  us  fuel  for  the  use  of  the  animal  machine* 
To  meet  this  double  demand,  it  is  found  that  the  vegetable  foods  arc  always 
richest  in  these  elements.  No  better  illustration  of  the  truth  of  thews 
statements  can  be  found  than  the  practical  success  of  the  Banting  system. 
That  system,  founded  upon  the  alwve  data,  clearly  proves  that  foods  rich 
in  starch,  sugar,  or  fat  will  increase  the  fat  of  the  body,  but  not  add  to  the 
muscular  strength;  that  lean  meat,  which  is  simply  equivalent  to  the 
albuminous  or  nitrogenous  principles  found  in  vegetables,  does  not  add  to 
the  fat  of  the  body,  but  does  supply  the  waste  of  muselc.  The  demand 
for  these  different  constituents  of  food  differs  according  to  the  state  of  the 
animal.  In  very  cold  climates  the  rapid  loss  of  animal  heat  demands  an 
excessive  supply  of  the  heat-producing  foods:  thus  the  Esquimaux  consume 
enormous  quantities  of  fat*  Again,  whenever  the  muscular  system  of  the 
animal  is  greatly  taxed  a  demand  for  the  nitrogenous  foods  exist.  Hunters 
cannot  do  their  work  on  hay  alone,  they  require  oats  and  beans  to  supply 
the  flesh-forming  matter.  The  British  soldier  and  workman  has  hitherto 
excelled  in  physical  endurance  and  muscular  power  as  much  on  account  of 
his  meat  diet  as  his  national  qualities.  The  late  Mr.  Brassey  found  that 
when  he  fed  his  foreign  workmen  on  the  same  diet  as  his  British  navvies 
the  work  done  by  the  two  approached  an  equality;  previously  they  had  no 
chance  with  Englishmen.  Flesh,  of  course,  supplies  a  heavy  percentage 
of  nitrogenous  matter,  but  beans  and  peas  supply  even  a  much  larger 
proportion,  and  their  feeding  value  was  well  tested  in  the  late  Franco- 
German  war,  the  German  soldiers  being  largely  dependent  upon  pens  as 
an  ingredient  of  their  food  to  meet  the  waste  of  muscular  tissue.  The 
wonderful  endurance  of  these  men  is  conclusive  evidence  of  the  nutritive 
ue  of  such  food. 

The  valne  of  the  foregoing  Table  is  enhanced  when  qualified  by  ■ 
physiological  knowledge,  which  shows  that  woody  fibre  is  indigestible, 
and,  therefore,  an  excess  of  it  in  any  food  is  evidence  of,  at  least,  one 
disadvantage*  It  also  teaches  that  a  certain  bulk  of  food  is  necessary  to 
healthy  digestion,  and  that,  therefore,  it  is  impossible  successfully  to  feed 
entirely  on  those  foods  which  contain  the  elements  of  the  body  in  the 
most  compact  form.  Further,  the  Table  conveys  a  warning  as  to  the 
action  of  different  foods  upon  the  digestive  organs;  thus,  linseed,  bran, 
and  maize  all  cause  laxness,  whilst  beans  and  peas  tend  to  produce  con- 
stipation. 
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Thus,  these  articles  of  provender  possess  very  different  properties 
Some  are  laxative,  others  const  if  iative;  but,  by  judiciously  mixing  them, 
both  these  objections  may  be  removed  and  a  most  valuable  food  produced. 
To  keep  horse*  in  health,  when  not  hard  worked,  no  mixtures  arc  needed, 
and  there  is  one  grain  in  which  che  nutritive  elements  are  so  proportion- 
ately arranged  that  it  cannot  be  improved  upon,  and  practice  has  long 
adopted  it.  But  to  keep  hard  working  horses  in  condition  is  a  very 
different  thing,  Oats  alone  are  not  equal  to  it,  nor  can  any  single  grain 
preserve  both  health  and  condition.  The  fact  is,  cither  their  chemical 
constitution  or  their  physiological  action  is  defective,  and  it  is  only 
by  mixing  different  articles,  and  altering  their  nutritive  value,  so  as  to 
balance  physiological  action,  that  a  food  ran  be  produced  which  will  not 
derange  the  functions  of  the  animal,  but  which  will  supply  all  the  re- 
quirements of  the  body, 

Both  chemistry  and  physiology  then  suggest  that  metre  than  one  kind 
of  grain  is  advisable  if  economy  and  high  condition  are  required*  But 
the  full  economy  of  mixed  feeding  is  only  seen  when  considered  with  the 
money  value  of  the  different  articles  of  provender  in  relation  to  their 
nutritive  constituents,  that  is,  when  the  feeding  value  is  compared  with 
the  cost  of  the  article.  When  the  chemical,  physiological,  and  monetary 
value  of  foods  are  understood,  the  cheapest  and  best  food  can  be  selected; 
or  rather  those  articles  of  food  which,  when  mixed  in  proper  proportions, 
afford  the  largest  amount  of  feeding  material,  at  the  smallest  possible  cost, 
can  be  recognised.  Thus,  and  thus  only,  is  the  highest  feeding  com- 
patible with  the  strictest  economy. 

If,  in  the  feeding  of  horses,  r,  st  were  of  no  importance,  bo  long  as 
health  and  condition  were  obtained,  a  large  proportion  of  the  advantage* 
of  using  mixed  food  would  be  lost,  as,  unquestionably,  oats  and  hay  alone 
are  a  very  good  diet  for  boms  not  excessively  hard  worked.  Such 
materials  are,  however,  Mo  per  cent. — sometimes  50  per  cent,— dearer 
than  other  provender  equally  valuable  for  feeding.  Not  unfrvqiiemly, 
when  advising  the  use  of  a  larger  quantity  of  peas,  barley,  or  rnaiw,  to 
a  proportionate  quantity  of  oats,  it  has  l)een  asked  "whether  the  change, 
although  the  ingredients  are  cheaper,  would  make  as  good  food?  Look 
at  the  Scotch;  sec  what  strong,  liealthy,  muscular  men  they  are,  and 
many  of  them  subsist  almost  entirely  on  oatmeal"  This  argument  is 
easily  refuted.  In  i\v  first  place,  oats  are  not  oatmeal;  they  contain 
80  to  40  per  cent*  of  husk — indigestible  materia),  equal  in  feeding  rain* 
to  chopped  straw.  This  husk  ha*  to  be  paid  for  at  the  rate  of  500 
per  cent,  more  than  it  is  worth  as  food.    In  every  Urn  of  oata  arc  7 
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or  8  cwts,  of  husk,  which  costs  at  the  rate  of  from  £H  to  £12,  whereas 
it  is  only  worth  £1  per  ton,  the  price  given  at  the  manufactories. 
Secondly,  although  the  Scotch  labourer  us  I  class,  are  fine,  big  men, 
they  are  decidedly  inferior  in  muscle  and  H  condition "  to  the  pitmen  of 
Durham  and  Northumberland,  who  eat  daily  from  12  to      ozs.  of  flesh 
food.    There  is  probably  iu  no  part  of  the  world  a  class  of  men  eipiai 
in  muscular  tone  and  condition  to  the  coal-hewers  of  Northumberland, 
The  **  pit-heap"  of  a  large  colliery,  when  the  men  are  assembled  to 
iro  down,  is  a  sight  worth  seeing  for  many  reasons,  but  nothing  is  more 
striking  than  the  enormous  muscular  development  of  limbs,  chest,  and 
shoulders  displayed  by  the  majority.     Change  their  diet,  substituting 
oatmeal  for  meat,  and  a  diminished  mitpui  "i'mal  find  a  reduction  in  the 
size  and  tone  of  their  muscles  would  at  once  be  apparent.    To  hard- 
worked  men  oatmeal  is  no  efficient  substitute  for  beef  and  mutton,  and  for 
hard-working  horses  oats  are  inefficient  as  compared  with  beans  and 
peas.     Experience  shows  this  most  plainly,  and  science  explains  it  by 
allowing  that  beans,  peas,  and  tares  are  almost  identical  with  beef  and 
mutton  in  the  amount  of  musele-fonning  material  contained  by  each, 
whereas  oats  coutaiu  nearly  fjQ  per  eeut  less  than  cither  of  them.  Now, 
in  burses  or  other  animals  excessively  worked,  the  consumption  of  muscle 
t»  far  in  excess  of  the  waste  of  other  tissue,  and  the  blood  must  l>e  supplied 
by  a  correspondingly  large  amount  of  flesh-forming  material.    To  fulfil 
this  requirement,  food  containing  a  heavy  percentage  of  nitrogenous 
material  must  be  given,  otherwise  the  digestive  organs  will  not  be  able 
to  supply  the  requisite  pabulum  to  the  blood.    Deans  or  beef  will  supply 
it,  oats  or  potatoes  will  not,  even  w  hen  an  extra  amount,  of  them  is  given; 
because  this  entails  the  consumption  of  such  an  immense  bulk  of  material, 
a  large  proportion  of  which  is  indigestible  and  non-nitrogenous,  and  the 
digestive*  organs  are  overpowered  and  unable  to  reduce  the  mass  to  a  state 
in  which  all  its  value  may  be  absorlvd.    For  these  reasons,  then,  the  use 
of  outs  as  a  principal  article  of  diet  for  excessively  hard- worked  horses  is 
very  expensive,  if  not  injurious.   Scientific  and  practical  observations  are 
thoroughly  in  accord  as  to  this  fact*  the  truth  of  which  was  forcibly 
on st rated  at  a  colliery  in  Durham,  which  fell  under  the  observation 
e  writer  some  time  ago.    The  output  at  this  place  was  decreased  from 
n  to  twenty  scores  per  day  through  the  horses  being  unable,  from 
want  of  condition,  or  from  positive  debility,  to  get  the  work  out.  These 
unimala  were  miserably  poor,  though  allowed  1  tin  lbs.  of  oats  and  1  o4  lbs. 
of  hay  each  per  week.    The  oats  w  ere  not  crushed  and  the  hay  was  not 
chopped.    The  horses  wi  re  till  large;  none  under  Mi  hands,  many  I 
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They  worked  very  long  hours  aitri  took  heavy  load*,  but  their  ajijicaraiice 
was  lamentable  after  many  months  of  such  apparently  liberal  feeding. 
On  September  1st  their  food  was  changed  to  the  following:  — 

Crushed  pca.%  35  lbs.,  at  34*.  per  qr,    2  4 

m      barley,  20  lbs.,  at  28s.    „   „  13 

I      oatft,  40  lbs.,  at  2H*.       „    3  4 

Bran,  I  t  lb*,,  ut  7|d.  per  stone    7} 

Hay,  7  stones,  at  9d.      m   ,  5  3 

12  £»» 


The  old  plan  being; — 

£  ».  i 

Oat-!.  168  Ufa*,  at  28s.  per  qr.  „          14  n 

Hay.  11  stones,  at  9d.  per  | tone         ...                 ...            8  3 

£12  3 


Showing  a  difference  of  over  !)s.  oid.  per  horse  per  week.  Resides  tin's 
saving  in  money,  the  digestive  organs  had  ;>(t  lbs.  kas  buy  and  59  lbs* 
less  corn  to  digest,  or— 

Lbtv  Urn. 

Miscd  jrrshi       ...       109  Old  oat*  168 

Hay                               98  hay  1&4 

207  322 


Within  three  mouths  this  stud  of  horses  was  in  excellent  health  and 
condition,  drawing  out  of  the  pit,  with  no  application  of  engine  power, 
from  twenty  to  thirty  scores  more  per  day  than  when  first  attended. 
There  were  14'J  horses  on  the  colliery,  so  that  a  saving  of  £3,664  lis.  id. 
per  annum  was  effected,  which  alone  was  a  satisfactory  result  without 
reckoning  the  increased  work  |>erformed  and  the  increased  value  of  the 
animals,  which  also  amounted  to  a  very  considerable  sum.  Thr  marvel- 
lous change  effected  in  this  stud  is  conclusive  •vidence  that  oats  can  no 
longer  usurp  the  position  of  being  the  best  food  for  hanbworking 
horses,  li  the  clu-iee  is  limited  to  a  single  kind  of  grain,  experience  has 
shown  that  oats  are  certainly  the  best,  and  science  explains  it  by  showing 
that  the  essential  f>od  eutiMitneuts  of  oats  are  in  letter  balanced  pro* 
portions  and  in  a  more  digestible  slate  than  in  any  other  grain;  but  there 
is  a  degree  of  work  sometimes  exacted  from  horses  which  oats  arc  not  able 
to  meet,  but  whirh  can  be  met  by  means  of  well  selected  mixtures  of  grain, 
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Nut  onlj  arc  these  mixtures  equal  to  the  tusk  of  balancing  the  excessive 
waste  of  the  system  induced  by  hard  work,  but  they  do  so  at  a  less  cost 
than  that  at  which  oats  fail  to  preserve  the  balance. 

But  the  system  here  advocated  does  not  rest  upon  this  one  case,  nor  is 
the  qncstiou  of  feeding  economically  thus  easily  disposed  of.  A  definite 
mixture,  which  should  be  in  all  cases  and  at  all  times  the  best  and  cheapest, 
is  not  easily  to  be  found,  for  not  only  must  the  chemical  and  physiological 
value  of  a  food  be  known,  but  also  its  money  value;  and  this  changes 
constantly.  So  that  each  article  of  food  in  its  threefold  aspect  must  be 
thoroughly  understood.  Before,  however,  each  article  of  provender  is 
considered  in  detail,  attention  will  be  drawn  to  some  rough  analyses  of 
various  kinds  of  grain,  which,  it  is  believed,  throw  some  light  upon  the 
question  of  selection.  At  different  times  during  the  last  six  years  Messrs. 
Ferry's  steam  mills,  at  Easington,  have  been  engaged  by  the  day  in  order 
that  the  grinding,  sifting,  and  weighing  of  different  kinds  of  grain,  to 
ascertain  the  proportion  of  husk  contained  in  each,  might  be  personally 
inspected.  The  different  results  of  each  of  the  six  years  is  so  slight 
that  only  those  obtained  in  1868  will  be  referred  to  as  a  fair  average. 

In  1869  nearly  all  the  grain  experimented  on  gave  a  slightly  leas 
amount  of  husk  than  in  any  other  year.  It  was  all  the  produce  of  1868, 
iwd  the  difference  was  due  perhaps,  rather  to  the  husk  leaving  the  kernel 
dcaner  and  easier,  than  to  a  positive  decrease  in  its  quantity.  This  idea 
derives  some  force  from  the  fact  that  the  year  1868  was  very  fine  and 
hot,  and  corn  was  well  ripened  and  well  gathered. 

In  carrying  out  these  experiments  it  was  necessary  to  use  three  stones 
Of  each  kind  of  grain,  because  the  miller  would  not  allow  all  the  grain  to 
Hid  off  the  mill  stones  before  adding  more,  which  caused  the  grain  to  be 
tDore  or  less  mixed  with  that  which  had  preceded  it  in  the  mill.  To 
prevent  this  contamination  about  20  lbs.  of  each  lot  of  grain  was  allowed 
to  ran  through ;  this  was  swept  away  and  14  lbs.  of  the  pure  grain 
"ected,  which  was  carefully  sifted  through  a  fine  sieve,  and  both  husk 
flour  separately  weighed  so  as  to  prove  that  the  14  lbs.  of  the  sample 
was  properly  accounted  for, 

Oats. — If  the  choice  of  grain  is  limited  to  one  variety  only,  oats  are 
the  best;  and,  if  cost  is  no  object,  oats  and  bran  form  a  food  simply 
unobjectionable.  But,  as  the  following  Table  will  show,  oats  vary  con- 
siderably in  value. 


vol>  xxxir.-iao. 
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TABLE  SHOWING  THE  WEIGHT  OK  HUSK  IN  VARIOUS  GRAINS 

N  a  1 1 1  r  ii  weight      W*I(fc  t  nf  tinik 


Imperial  BuihcL 

In 

Nib*  of  «w 

Iba 

I  U  |B 

1.—  Elbe  oats 

41 

o  bj 

2,— Swedish  oats 

...    30  J 

5  Of 

3. —  Danish  oats  ♦ 

40j 

5  2 

4.  —  St.  Petersburg  o*U  . . . 

  404 

3  14| 

5, — Short  Scotch  out*   

 ,  41 

4  6 

6. — English  oats 

41$ 

4  b 

7. — Irish  potato  oaU 

42J| 

4  1 

8. — Canadian  oats 

  41i 

4  lsr^ 

9 —  KriL'lish  barley 

il 

10.— Danish  hurley  ,.. 

i  a 

ID 

11. — Tag-nun >g-  barley 

 49 

2  4 

12.— English  beans 

  69 

1  0 

13* — Egyptian  small  beans 

...    61|  fl 

1  8 

14. —  Egyptian  large  beans 

  59 

1  10J 

15. — Riga  tare*   ♦  . 

  68 

i<H 

-Hamburgh  tare* 

  B7 

U| 

17.— English  tares 

  68 

10 

IS. — Cauudiaii  white  peas  .. 

  G8j  ... 

74 

19.—  Kouigsburgh  wfijto  preis 

  N 

*i 

20. — Konigsburgh  blue  peas 

 m\  ... 

8 

21* — Odessa  maize  ... 

H 

22, —  Italian  ntui/e 

  eo 

H 

23, —  American  yellow  maize 

  (52 

5 

Seeing  that  the  husk  of  grain  is  nearly,  if  nut  entirely,  indigestible, 
thiB  Tabic1  shows  at  a  dunce  which  food  contains  the  largest  amount  of 
indigestible  material.  Oats,  on  an  average,  contain  4 J  lbs,  of  husk  in 
every  14  lbs.;  maize,  only  5  02.;  and  peas,  7  oz.  The  percentage  of  busk 
then  is  very  heavy  in  oats  and  very  light  in  peas  and  maize,  go  that  if 
the  digestible  portions  of  these  substances  are  equally  nutritive  there  is  a 
heavy  Jobs  in  the  use  of  oats. 

But  uata  vary  considerably  in  value.  Tiny  should  Ik?  sound,  sweet,  a 
year  old,  and  their  natural  weight  should  be  at  least  4ulus.  jkt  bushel*  In 
a  paper  written  in  I860,  the  writer  stated  that  two  bushels  of  g»x>d  <wu» 
with  a  natural  weight  of  42  lbs.  per  bushel,  would  keep  horses  in  condition 
better  than  three  bushels  of  oats  at  U  lbs.  natural  weight.  Further 
experience  has  shown  the  truth  of  this  statement,  and  proved  that  h**\y 
oats  are  really  worth  seven  or  eight  shillings  per  quarter  more  than  the 
lighter.  When  the  difference  in  feeding  value  between  light  and  heavy 
oats  was  first  noticed  it  was  considered  to  he  due  to  the  lighter  grain 
carrying  the  greater  percentage  of  husk,  but  the  Table  shows  that  Russian 
oats  have  a  smaller  percentage  of  husk  than  the  best  short  oats;  jHMwibW 
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being  kiln  dried,  they  leave  the  husk  cleaner;  vet  it  is  certain  that, 
weight  for  weight,  foreign  oats  are  unable  to  sustain  hard* work ing 
animals  like  the  short  potato  oats.  There  is,  too,  an  objection  to  foreign 
oats.  There  is  something  either  in  or  on  many  snmples  most  injurious  to 
horses.  The  writer  has  frequently  been  called  to  examine  and  report 
upon  pit  horses  which  were  unable  to  stand  their  work,  Mthongh  allowed 
an  ad  libitum  supply  of  oats.  The  complaint  is  always  the  same: — "  The 
horses  were  all  right  rill  th>  last  tun  or  three  weeks;  since  then  they  have 
lost  flesh,  are  always  sweating,  are  very  weak,  and  knocked  up  before  the 
shift  is  half  over."  Nearly  all  such  cases  arise  from  the  use  of  foreign 
oats,  and  the  change  in  the  horses  follows  close  upon  the  change  in  the 
sample  of  oats.  The  symptoms  shown  are:  a  tight,  dry  skin,  loss  of 
appetite,  debility,  and  excessive  staling;  much  the  same  set  of  symptoms 
as  from  feeding  upon  musty  English  or  Scotch  outs.  These  foreign  oats 
are,  however,  nearly  free  from  smell,  and,  therefore,  their  objectionable 
properties  are  probably  due  to  some  artificial  preparation  or  to  the 
changes  caused  by  mustiness,  the  smell  of  which  has  in  gome  way  been 
removed.  Many  more  cases  of  colic  are  observed  when  using  foreign  oats 
than  when  using  good  home-grown  grnin.  Only  last  year  a  lot  of  Tartar 
oau,  341bs.  to  the  bushel,  were  sent  to  a  colliery.  They  were  first 
refused,  bnt  an  owner  who  looked  into  the  matter  and  pronounced  them 
very  good  insisted  upon  their  being  used,  saying  he  did  not  believe 
that  a  light  natural  weight  was  of  any  consequence  so  long  as  they 
weighed  836  lbs.  per  quarter.  The  result  was,  they  had  ten  times 
the  usual  number  of  colic  cases,  with  general  loss  of  condition  to  the 
animate- 
It  has  long  been  known  that  musty  or  kiln-dried  oats  are  injurious  to 
horses,  but  the  really  dangerous  nature  of  some  foreign  oats  is  not 
appreciated. 

In  the  Veterinarian  for  I8f>2  Professor  Varnell  reports  a  case  in  which 
a  number  of  horses  died  from  eating  them.  A  Mr.  Mitchell,  of  Leeds, 
bought  twelve  quarters  of  foreign  oats,  and  when  about  half  of  them  were 
used  four  horses  died  within  a  few  days  of  each  other.  Poison  being 
suspected,  the  contents  of  the  mangers  and  stomachs  were  analysed  and 
found  not  to  contain  any  vegetable  or  animal  poison.  Suspicion  next  fell 
upon  the  oats,  and  an  aged  but  healthy  mare  was  bought  for  the  purpose 
of  testing  them.  She  had  three  feeds  a  day;  on  the  third  day  paralysis 
appeared,  which  was  followed  by  death  The  experiment  was  repeated 
on  other  horses,  and  a  few  days  feeding  on  these  oats  produced  death 
in  each  instance.   The  oats  had  a  musty  smell, and  when  placed  in  water 
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they  quickly  became  matted  together  by  a  filamentous  structure,  the 
fibres  of  which  crossed  and  interlaced  each  other.  Some  floated  at  the 
surface  and  some  remained  at  the  bottom  of  the  vessel. 

In  the  same  volume  of  the  Veterinarian  in  another  report  of  the  death 
of  thirty -nine  horses  from  feeding  upon  musty  oats,  the  cause  of  mischief 
never  being  suspected  till  the  injury  was  done.  In  few  cases  has  the 
writer  directly  traced  death  to  foreign  oats,  but  he  has  often  met  irith 
serious  illness  as  the  result  of  such  food,  and  frequently  noticed  the 
filament  just  described  in  the  cisterns  attached  to  underground  stables. 
Bad  oats  of  all  kinds  should  be  utterly  avoided.  Even  small  quantities 
mixed  with  a  hulk  of  good  grain  produce  ill  effects  and  soon  spoil  by 
contact  that  which  was  previously  good. 

Referring  to  the  Table  showing  the  proportions  of  husk  on  grain,  it 
will  be  seen  that  oats  show  a  very  heavy  amount — in  fact,  from  80  to  40 
per  cent.  Now  this  husk  has  a  value  of  less  than  20s.  per  ton,  whilst 
oats  at  2*s.  per  quarter  are  worth  £0  0s,  If  the  five  thousand  and  odd 
horses  whose  feeding  the  writer  superintends  were  fed,  as  they  used  to  be, 
on  hay  and  oats  only,  there  would  be  a  consumption  of  134  tons  of  huak 
per  annum.  That  is,  a  large  quantity  of  material  would  be  used  costing 
£8  ]«r  ton  more  than  it  was  worth,  or  more  than  it  could  be  purchased 
for  from  the  oatmeal  dealers. 

From  these  facts  it  may  be  concluded  that  the  best  oate  are  the 
cheapest;  that,  though  the  market  value  of  the  heaviest  oat*  is  seldom 
three  or  four  shillings  higher  than  that  of  the  lighter  sorts,  tbey  arc 
really  worth  seven  or  eight  shillings  more  as  food,  and  therefore  are 
absolutely  four  shillings  a  quarter  cheaper ;  also  that  musty  or  kiln-dried 
oats  are  positively  dangerous,  and  should  be  utterly  avoided.  Foreign 
oats  should  lie  seldom  used;  they  are  generally  light,  and  not  nnfes 
quently  injurious  There  is,  however,  an  objection  to  even  the  best  oats 
as  an  economical  food  for  hard- working  horses.  They  contain  such  a 
large  proportion  of  husk— 1>.  indigestible  matter — that  their  market 
value  is  out  of  proportion  to  their  feeding  value.  One  case  has  already 
been  related  showing  how  oats  alone  failed  to  keep  in  condition  the 
horses  on  a  colliery,  and  how  a  mixture  of  grain  containing  a  larger  pro- 
portion of  nitrogenous  matter  succeeded  in  replacing  and  preserving  their 
condition. 

Bean*, — Under  this  head  are  included  pea*  and  tares,  for  all  three 
contain  about  the  same  proportion  of  nitrogenous  or  flesh -forming 
matter.  Tares,  however,  contain  a  bitter  principle  which  renders 
ftomewhat  objectionable. 


THE  FEEDING  OF  COLLIERY  HORSES. 


75 


Between  peas  and  beans  there  is  no  choice,  providing  both  are  in 
equally  good  condition.  Sound,  sweet,  hard  beans,  tares,  or  [teas,  con- 
taining, as  the  Table  shows,  2fi  to  28  per  cent,  of  nitrogenous  matter,  are 
of  all  seeds  the  richest  in  flesh-forming  material.  They  are  then  especially 
indicated  for  use  when  the  animal  body  undergoes  t^eat  lows  of  flesh  or 
muscle,  as  it  does  with  all  hard-working  horses.  But  these  leguminous 
seeds  cannot  be  used  alone  in  very  large  quantities;  they  have  a  heating 
and  binding  effect  upon  the  system.  They  must  then  be  used  either 
in  small  quantities  or  be  combined  with  some  other  article  of  food 
having  an  opposite  or  counteracting  effect.  Such  articles  are  supplied  in 
bran  and  maize,  either  of  which  may  be  used  advantageously  in  combina- 
tion with  beans,  peas,  etc. 

AIai&. — In  1861  the  writer,  whilst  admitting  that  maize  was  a 
valuable  food  for  cattle,  pigs,  and  poultry,  did  not  think  it  tit  for  horses. 
Further  experience  has,  however,  convinced  him  that  he  was  in  error,  and 
that  maize  is  really  a  most  valuable  article  of  provender  for  hard-working 
horses.  The  error  occurred  in  this  way: — In  1853  maize  feeding  was 
tried  on  the  pit  horses  at  South  Hot  ton  and  Morton  Collieries.  The 
experiment  lasted  four  days,  aud  overmen,  drivers,  horse-keepers,  and  all 
complained.  The  food  was  changed  immediately  as  about  half  the  horses 
and  ponies  did  not  eat  it  readily;  it  was  left  in  the  mangers,  and  it  was 
feared  that  as  the  animals  did  not  seem  to  like  it  they  might  continue  to 
refuse  it,  and  thus  lose  condition  and  be  unable  to  do  their  work. 
This  made  the  writer  for  a  lout;  time  very  suspicious  of  maize  as  horse 
provender*  He  had  also  heard  of  its  l>eing  tried  in  Glasgow  and  given 
up  as  unsuitable  food.  In  addition,  as  its  chemical  composition  showed 
&  large  proportion  of  fat  and  heat- producing  matter  but  a  smaller  propor- 
tion of  flesh-forming  matter,  he  thus  came  to  an  adverse  opinion  of  its 
value.  However,  it  is  still  found  that  horses  used  to  the  ordinary  oats 
and  hay  do  not  for  the  first  few  days  feed  freely  on  maize;  but  thiB  is 
easily  overcome  by  commencing  with  a  small  pruj>ortion  mixed  with  the 
usual  food  and  gradually  increasing  it. 

The  writer  retained  his  adverse  opinion  of  maize  until  1H(>7,  when, 
coming  one  night  from  Loudon  with  the  late  Mr  John  Lawson,  of 
Manchester,  and  discussing  the  different  plans  of  feeding  adopted  in 
England  and  other  countries,  he  strongly  advocated  the  use  of  maize  for 
horses  doing  slow  but  heavy  work,  and  gave  several  instances  of  its 
beneficial  use  in  Manchester,  Liverpool,  and  Glasgow,  where  thousands  of 
horses  lived  almost  exclusively  upon  it  and  hay.  Communicating  with 
several  geu  tie  men  who  used  it,  and  finding  that  they  all  spoke  in  its 
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favour,  the  writer  visited  Liverpool  Glasgow,  and  London,  saw  horses  fed 
upon  it,  saw  them  at  work,  and  came  home  convinced  that  he  had 
published  an  erroneous  opinion.  Maize  was  then  selling  at  sixpence  per 
stone  lees  than  oats,  which,  on  the  number  of  animals  under  his  charge, 
would  amount  to  a  difference  of  about  £400  per  week.  Consequently,  in 
1868,  the  writer  again  commenced  to  use  maize  at  South  Helton  and  at 
Ry hope  Collieries.  The  complaint*  were  as  Rtrong  as  in  1853,  but  having 
laid  all  Lhe  facts  tafore  the  respective  managers  they  .allowed  the  experi- 
ment a  fair  trial.  In  a  week  all  the  animals  took  fairly  to  the  feed — a 
mixture  of  one-third  oats,  one  third  maize,  and  one-third  taaus  or  pea*. 
Varying  the  proportions  of  tins  mixtniv  sis  any  article  became  unusually 
dear,  the  plan  was  continued  up  to  18"0t  when  all  the  bank  borsei  at 
South  Hetton  and  Ryhopc  Collieries  were  fed  exclusively  upon  maize 
and  beans — two-thirds  of  the  former  and  one-third  of  the  latter,  and  this 
has  been  continued  up  to  the  present  time. 

In  March,  187ft,  talking  with  the  manager  of  a  colliery  about  tin 
of  feeding  horses,  it  was  ascertained  that  for  nearly  three  years  no  oats 
had  Ik?cii  used  for  the  horses  at  bank,  thai  they  were  never  in  better 
health  or  condition,  and  with  his  consent  the  same  f< >od  was  supplied  with 
success  to  the  animals  below,  and  this  experiment  was  the  commence- 
ment of  a  saving  of  upwards  of  £G,000  a  year  in  the  keep  of  the  pit  (ionics 
under  the  charge  of  the  writer. 

An  important  property  of  maize  is  its  slightly  laxative  action  on  the 
bowels.  Colic  in  horses  is  nearly  always  dependent  tijwn  or  accompanied 
by  constipation,  and  mai&e  feeding  reduces  the  risk  of  this  aftt-ction  to  a 
minimum.  During  three  years'  use  of  matze,  the  eighty  bank  horses  at 
Ryhope  and  South  Hettrm  have  shown  only  four  cases  of  colic,  The 
laxative  effects  of  maize  enable  the  nsc  of  very  larire  quantities  of  taans* 
peas,  or  tares — so  much  so  that  equal  proportions  of  maize  and  taunts  for 
excessively  hard-worked  horses  can  Ik  used  with  the  greatest  advantage. 

Two  years  ago  a  lot  of  horses  were  fed  on  maize  and  hay,  another  lot 
on  maize,  beans,  and  hay,  the  result  taimj  unvatly  in  favour  of  the  latter. 
Those  fed  on  maize  only  showed  as  ^r»  at  I uglily  bulk,  but  not  such  hard, 
Hrm  muscles.  They  were  not  so  fresh  at  lhe  end  of  the  days  work,  and* 
when  excessively  worked,  were  loose  in  their  tawels;  :\  lbs.  $H.r  day  morr 
of  the  maize  lhan  ifn>  mixed  pain  was  allowed,  but  US  lbs.  a  week  of 
beans  and  maize  kept  the  bones  in  better  condition  than  did  L19  lbs.  of 
maize*  alone. 

The  tise  of  maize  is  almost  entirely  limited  to  horses  doing  hea\? 
work*  and  it  has  often  Im  en  asked  whether  there  is  any  reason  why  l»pht 
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harness  and  saddle  horses  should  not  l)e  fed  upon  it.  The  writer  tested 
this  question  with  his  own  horses,  and  for  the  last  ten  years  they  have 
had  nothing  else,  and  never  did  they  look  better  or  do  their  work  with 
greater  ease.  They  are  hard  worked.  In  harness  and  in  the  saddle  they  do 
from  sixteen  to  thirty  miles  a  day,  and  the  pace  is  not  less  than  eight 
miles  an  hour.  Surely  this  test  is  sufficient  to  convince  any  reasonable 
horseman  that  maize  is  a  thoroughly  good  food  for  horses  doing  fast 
work,  as  well  as  for  those  doing  slow. 

There  is  just  one  objection  to  maize — it  gives  a  disagreeable  odour  to 
the  dung  and  flatus  of  horses  fed  upon  it;  but  this  is  of  no  practical 
weight  as  compared  with  its  value  as  a  cheap  and  good  food. 

It  is  very  remarkable  how  strong  a  prejudice  exists  amongst  a  certain 
class  of  fastidious  horsemen  or  horBO  owners  against  the  use  of  maize  for 
feeding  horses.  There  is  scarcely  any  ul surdity  spoken  against  it  that 
they  will  not  believe*  and  without  taking  the  slightest  trouble  to  ascertain 
the  truth  or  falsehood  of  the  statements,  propagate  them  in  all  directions 
as  if  they  had  discovered  something  of  importance  necessary  for  all  men 
to  know.  Some  of  the  statements  are  so  extraordinary  that  it  is  only 
proper  to  notice  one  or  two  of  them  here. 

A  coal  owner  wrote  last  year  that  he  had  been  told  that  a  large  Tram 
Company  in  Glasgow  had  discarded  the  use  of  maize  entirely,  because  so 
many  of  their  horses  had  died  from  its  use.  This  state  merit  was  investi- 
gated and  it  was  found  that  there  was  not  a  particle  of  truth  iu  it.  That 
for  seven  years  past  the  daily  food  used  consisted  of  mauso,  12  lbs.;  oats, 
3^  lbs.;  and  hay,  10  lbs.;  dint  their  losses  were  considerably  less  than 
before  they  used  it,  and  that  diseases  of  the  bowels  had  almost  ceased* 
Only  last  year  one  of  the  owners  of  a  colliery  tmi  far  from  Sunderland 
itated  that  it  was  reported  to  hitn  by  the  manager  that  "  maize  had  a 
strong  tendency  to  produce  'grease1  in  the  horses*  legs;"  and  yett  with  a 
Btud  of  over  200  animals  belonging  to  this  gentleman,  there  was  only  one 
iu  the  whole  stud  that  had  a  "greasy"  leg,  and  this  was  a  bank  horse  that 
had  the  disease  six  years  before.  This  same  owner  j  mrriiased  a  stud  of 
twelve  horses,  only  some  two  miles  away  from  his  colliery,  about  the  same 
time,  and  the  writer  was  called  upon  to  examine  them.  They  had  never 
bad  a  particle  of  maize  in  their  food,  yet  no  less  than  five  out  of  the 
twelve  had  bad  u  greasy *T  legs. 

Barky  is  usually  looked  upon  ns  an  unsuitable  grain  for  horses:  it  is 
"d  to  cause  irritation  of  the  skin.  The  writer  has  used  it  largely,  and 
has  not  detected  this  or  any  other  objection  to  its  use,  when  the  market 
price  suggests  that  it  is  economical*    It  should,  however,  seldom  be  used 
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in  larger  proportions  Ithan  2f»  per  cent,  of  the  total  allowance  of  corn- 
It  was  not  used  in  1873,  the  reason  being  that  the  price  averaged  from 
twopence  to  threepence  per  atone  more  than  maize.  This  difference  in 
price  is  a  matter  of  vital  importance  in  the  selection  of  an  economic  food, 
as  one  penny  per  stone  on  the  price  of  gTain  amounts,  on  the  aggregate 
of  the  horses  under  the  writer's  care,  to  £5,000  per  annum.  Barley  is 
the  staple  food  for  horses  in  Spain,  Turkey,  Syria,  and  other  Eastern 
countries.  It  is  about  equal  in  feeding  value  to  oats  or  maize,  for  which 
it  may  be  substituted  when  the  relative  price  of  these  grains  is  such  as  to 
render  it  economical. 

Barley  during  1881  and  1882. — This  grain  has  been  the  cheapest 
horse  food  in  the  market,  and  at  a  much  lower  price  per  stone  than  ever 
before  known.  In  the  autumn  of  1 881  any  quantity  could  be  bought  as  low 
as  twenty-two  shillings  for  448  lbs.,  or  about  eightpenee  per  stone,  being 
sixpence  half-penny  per  stone  cheaper  than  oats,  and  twopence  per  stone 
less  than  maize,  thus  effecting  a  saving  of  many  hundreds  of  pounds  per 
month,  over  what  the  use  of  the  same  grain  would  have  effected  in  1880, 
showing  most  clearly  the  importance  of  regulating  the  quantity  of  each 
kind  of  grain  by  the  price  per  stone  in  the  market. 

Bran  of  itself  is  not  a  food  capable  of  feeding  any  animal-  As  an 
addition  to  other  grains,  or  mixtures  of  grains,  it  is,  however,  of  great 
value.  Chemically,  it  is  rich  in  nitrogen,  but  in  practice  it  is  fonnd  that 
this  constituent  is  not  in  a  digestible  form,  and  bran  is  valued  simply  as  a 
bulky,  palatable  article,  having  a  laxative  effect  upon  the  bowels.  It  is 
then  indicated  as  a  useful  agent  for  admixture  with  foods  tending  to  pro- 
duce  constipation,  or  as  a  substitute  for  rich  food  when  disease  or  idleness 
suddenly  puts  a  stop  t<>  the  regular  waste  of  muscular  tissue;  in  other 
words,  when  the  demand  for  nitrogenous  matter  is  wanting. 

Hay, — No  matter  what  grains  or  mixtures  of  grains  are  used,  some 
bulky  provender  is  required  to  enable  the  horse  to  properly  digest  his  food- 
Hay  serves  this  purpose, but  it  also  supplies  nutritive  material,  and,  as  an 
indispensable  article  of  provender,  requires  proper  attention.  Considering 
its  price,  in  relation  to  its  feeding  value,  hay  is  very  expensive.  Iu  feed* 
ing  value,  too,  is  very  variable,  depending  greatly  upon  its  growth,  the 
state  in  which  it  is  cut,  the  condition  in  which  it  ia  harvested,  etc.  Good 
hay  should  be  of  quick  growth,  should  be  cut  before  the  formation  of  seeds 
in  it — 1>.,  when  in  flower,  and  should  be  well  won.  It  must  not  he  stacked 
wet  or  too  green  lest  it  ferment,  as  thn  !  n  <  «:<  i  rm.-ts  from  its  nutritive 
value.   Even  when  all  these  particulars  are  attended  to,  hay  varies  in  value 
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according  to  the  grasses  it  contains*  One  ton  of  hay  composed  of  such 
grasses  as  Timothy,  cock's-foot,  dog's-tail,  fox-tail,  perennial  rye  grass, 
etc.,  is  worth  two  tons  of  that  formed  of  hen-pen  or  wild  hops,  mountain 
flax,  rib  grass,  and  other  short,  broad-leaved  grasses  that  al>ound  on  poor 
uudrained  land.  Over  and  over  again  the  value  of  these  two  kinds  of  hay 
has  been  tested,  and  always  with  the  same  result — loss  of  condition  among 
the  horses* and  a  much  larger  consumption  of  the  inferior  hay.  At  South 
Hctton.  the  difference  in  cost  from  this  cause,  when  the  hay  was  £5  per 
ton,  amounted  to  £  1 5  per  week. 

New  land  hay  has  often  been  compared  with  old  land  hay,  and  50  lbs. 
of  old  land  hay  found  equal  in  feeding  value  to  60  lbs.  of  new.  In  186*, 
when  hay  was  selling  at  £7  or  £8  per  ton,  the  studs  of  two  pits  were  pnt 
on  old  land  bay.  At  the  end  of  a  fortnight  the  resident  viewer  reported 
that  Mthe  pit  would  Km  be  stopped,  as  the  horses  did  not  make  half  the 
manure  they  nsed  to.*'  It  was  a  fact  that,  whereas  formerly  two  tubs  of 
manure  were  sent  to  bank  daily,  now  only  one  and  a  half  appeared.  It 
was  explained  that  the  difference  was  in  favour  of  the  hay;  that  it  was  due 
simply  to  the  smaller  amount  of  indigestible  matter  present,  and  was  a 
convincing  proof  of  its  economy;  notwithstanding  this  the  hay  was 
changed.  In  a  former  paper  this  question  was  fully  gone  into,  and  the 
opinion  then  expressed  has  been  confirmed  by  an  experiment  of  a  large 
coal-owner,  who  ordered  the  horses  of  one  pit  to  be  fed  on  one  kind  of  hay 
and  those  of  another  pit  on  the  other.  This  was  done  fur  several  weeks, 
then  the  experiment  was  reversed.  In  each  case  the  result  was  the 
a  \ mm  twenty  per  cent,  less  old  land  hay  being  used,  the  com 
remaining  unaltered  in  quantity  at  both  places  throughout  the  experiment, 
and  no  visible  alteration  in  the  condition  of  I  he  horses  could  be  seen. 
This  practical  test  is  more  reliable  and  useful  than  any  scientific  analysis, 
and  it*  value  is  not  decreased  by  its  having  been  instituted  for  the  purpose 
of  upsetting  the  opinion  it  has  so  strongly  verified. 

Some  years  ago  the  allowance  of  hay  on  most  collieries  to  wagon  horses 
was  twelve  stones  per  week ;  to  pit  horses,  ten  stones,  or  more  than  double 
th<j  quantity  that  with  due  economy  is  requisite.  The  tabulated  reports  show 
an  average  of  under  four  stones  of  hay  per  horse  per  week.  This  is  con- 
sidered the  amount  compatible  with  economy,  as  excessive  waste  of  muscle 
is  best  met  by  increased  supply  of  corn.  Some  managers  insist  upon 
each  honse-keeper  having  an  ad  libitum  supply  of  hay,  and  thus  the  plan  of 
feeding  is  interrupted  by  being  in  part  dependent  on  the  requirements  of 
men  instead  of  horses.  Hay  must  not  be  looked  upon  as  an  addition  to 
the  provender,  but  as  an  important  part  of  it,  and  its  quantity  must  be 
vol.  xxxii —m.  K 
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repainted  accord ing  to  t Fie  amount  of  grain  given,  and  the  relative  pro- 
portions of  each  must  depend  u]>on  their  respective  prices,  and  the  amount 
of  work  j K?r funned  by  the  animal;  also  h:iv,  from  its  form,  is  liable  to  be 
greally  wasled.  An  allowance  of  twelve  Stones  of  hay  per  week  is  never 
eaten  by  a  horse,  :i  hrge  j  nut  ion  is  ivustcd  under  his  feet.  In  rtujo\ing 
lung  hay  from  the  rack  or  niauger.  portions  are  continually  let  full  by  the 
animal,  trampled  on,  and  spoilt.  At  one  large  colliery,  nearly  a  third  of 
the  hay  sent  into  the  pit  was  wasted  and  returned  to  bank  with  the 
manure;  but  even  wiili  care,  unless  the  mangers  are  properly  arranged, 
and  the  length  of  the  hay  altered  by  cutting,  considerable  waste  is 
inevitable. 

When  English  hay  is  very  high  in  price,  large  quantities  of  Dutch  and 
Belgian  buy  are  imported  into  this  country,  and,  probably  with  advantage 
to  some  horse  owners,  because  when  thousands  of  tons  are  sent  in,  it  helj* 
to  keep  the  price  of  home-grown  hay  lower.  In  the  early  part  of  this 
year,  when  best  hay  was  selling  in  Newcastle  market  as  high  as  £8  loa, 
per  ton,  Dutch  could  be  had  at  £4  log.  Dutch  hay  should  newr  be  used 
unless  it  can  l>e  bought  at  half,  or  a  little  over  half,  the  price  of  ljc*t 
English  or  Irish  "seed  hay."  One  of  the  principal  realms  why  foreign 
hay  is  so  inferior  to  English  is  the  fact  that  it  is  always  thrashed  bare 
of  its  seeds,  thus  removing  at  least  half  its  value  as  feeding  material. 
Whenever  foreign  or  Irish  hay  is  bought,  it  should  always  be  stipulated 
for  **  unthrashed,"  which  id  nearly  double  the  value  ot  "thrashed"  hay. 

There  is  probably  nothing  in  foreign  hay  that  is  prejudicial  V*  heal 
any  more  than  in  English  hay.  The  chief  reason  why  it  is  so  much 
objected  to  by  horse  owners  is  the  tact  that  horses  do  not  thrive  so  well 
upon  it  as  on  English,  It  is  impossible  that  they  should  do  set  where 
work  is  hard,  unless  an  equivalent  of  corn  is  given  to  balano  the  loo 
of  the  seeds  which  are  taken  out. 

Green  Food  is  a  valuable  article  of  provender  both  f>r  bank  and  pit 
horses,  but  it  requires  a  little  discretion  in  its  use  at  times.  Thus,  in 
commencing  its  use  care  should  be  exercised  by  the  horse-keeper  not  to 
allow  each  horse  more  than  from  six  to  ten  pounds  for  his  first  ferd, 
which  should  be  at  night  and  after  he  has  eaten  Ids  com.  The  m»u 
night  from  twelve  to  sixteen  pounds  may  be  allowed,  and  the  next  a  full 
allowance  may  be  given  without  fear  of  culie,  as  by  that  time  the  green 
food  will  have  passed  through  the  whole  length  of  the  digestive  organs. 
When  thus  commenced  with  caution,  from  fifteen  to  thirty  pounds  may 
Ui  L'ivcn  night  and  morning  with  advantage  and  economy*  0H0J  food 
ihould  not  be  allowed  iu-Lye  «n  «>u  the  uagumvavs,  because,  the  drivers 
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cannot  be  relied  upon  to  prevent  a  fired  and  heated  horse  from  gorging 
himself  should  he  remain  a  sufficient  length  of  time  at  the  siding  or  flat. 
There  is*  too,  a  condition  in  which  no  greou  food  at  all  is  sent  down  the 
pit,  namely,  when  the  foliage  is  soaked  with  rain.  Neglect  of  this  pre- 
cantion  entails  a  larger  proportion  of  eases  of  colic  with  the  second 
than  with  the  first  crop.  At  the  season  when  the  first  crop  is  ready  for 
use.  tin?  weather  is  generally  fine>  but  the  second  crop  comes  on  when  the 
weather  is  frequently  wet  and  unsettled.  An  experience  of  many  years' 
feeding  of  thousands  of  horses  warrants  the  remark  that,  mindful  of  these 
precautions,  green  food  is  quite  as  harmless  as  any  other  provender; 
further,  no  provender  is  so  cheap  and  so  beneficial  lor  a  few  weeks  every 
summer.  It  is  a  splendid  alterative,  a  restorer  and  preserver  of  health. 
It  may  induce  a  freer  perspiration,  hut  it  fines  not  destroy  the  condition  : 
does  not,  as  some  suppose,  render  the  muscles  less  hard  and  firm. 
There  are  many  men  who  ohject  to  It,  hut  there  is  no  food  or  mixtum  of 
food  that  some  racn  do  not  ohject  to.  They  have  ohject  inns  to  crushed 
oats,  to  chopped  hay.  and  to  |>eas  and  beans,  hut  they  have  none  tn 
working  a  horse  three,  or  it  may  be  four,  successive  shifts.  They  object 
to  all  innovations,  to  everything  save  that  to  which  habit  and  association 
Lave  acenstomed  them* 

During  the  last  thirteen  years  the  writer  has  devoted  especial  attention 
to  green  food  feeding.  The  results  of  his  observations  will  be  interest- 
ing to  those  gentlemen  who  are  free  from  prejudice  and  yet  timorous  as 
to  the  use  of  green  food.  The  chief  points  to  which  attention  has  b<  en 
directed  are: — The  daily  consumption  per  horse;  the  comparative  cost 
of  green  food;  and  its  effects  upon  the  health  and  condition  of  the  horses. 

This  last  item  is  the  most  important,  as,  if  grern  loud  were  prejudicial 
to  the  health  or  vigour  of  the  horse  it  would  be  dear  ut  any  price.  The 
beneficial  effects  it  has,  however,  on  the  appearance  of  a  large  stud  of  pit 
horses  is  simply  marvellous :  the  skin  becomes  looser  and  softer,  the 
horses  increase  in  size  and  weight,  and  these  signs  of  health  are  not 
accompanied  by  any  loss  of  muscular  tone.  80  qnickly  does  this 
improvement  follow  the  use  of  green  food  that  at  times  it  has  scarcely 
bean  credited  to  this  sole  cause;  but  repeated  observation  has  now  left 
no  room  flu*  doubt.  Those  animals  known  as  "had  linkers,"  "small 
eaters,"  etc.,  and  those  whose  skins  are  tight  or  unhealthy,  present  the 
jrreatest  change  for  the  better,  being  made  literally  into  "  new  creat  ures." 
It  is  true  that,  when  feeding  on  green  food,  horses  perspire  more  than 
when  fed  on  hard,  dry  food,  and  probably  this  increased  action  of  the 
skin  is  the  principal  cause  of  the  beneficial  action  found  to  arise  from  a 
few  weeks*  use  of  green  food  every  summer, 
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These  facts  require  iww.  than  opinions  or  assertions  to  invalidate 
thera ;  nevertheless  it  may  be  useful  to  reply  to  some  uf  the  objections 
occasionally  advanced  by  men  who  say  they  want  their  stud  kept  like 
hunters — in  hard  condition,  and  who  would  give  hunters  green  food? 
This  desire  is  founded  upon  the  false  supposition  that  food  because 
it  is  physically  hard  produces  hard  muscles;  whereas  it  is  exercise, 
and  exercise  alone,  which  gives  to  muscles  this  tone.  Food  is  required, 
not  to  give  any  specific  character  to  the  system,  but  simply  to  supply 
the  waste  caused  by  exercise.  The  illustrations  chosen  to  support 
the  argument  are  equally  fallacious.  A  grass-fed  horse  is  not  in  con- 
dition, it  is  true,  but  it  is  because  he  is  not  at  work  —  because  his 
muscles  arc  not  exercised;  besides,  he  lives  entirely  on  grass,  whereas  the 
pit  horse  receives,  in  addition  to  his  green  food,  a  large  amount  of  nitro- 
genous grain.  There  is,  then,  clearly  no  analogy  between  the  two  cases. 
Innumerable  proofs  of  this  could  be  produced,  but  the  following  was 
supplied  by  one  of  the  owners  of  a  colliery.  Jn  discussing  the  use  of 
green  food  for  horses  during  hard  work,  he  related  the  following  interest- 
ing particulars  of  what  horses  can  do  on  grass: — A  few  years  since,  when 
travelling  in  Koufh  America,  he  rode  frnin  lim-nos  Ay  res,  all  through 
Brazil,  over  the  Andes  to  Chile,  and  on  to  QaMftQ  in  Peru.  His  servant 
and  himself  had  three  cobs  l>etwecn  them,  carrying,  with  their  baggage, 
not  less  than  an  average  of  fourteen  stones  for  each  animal;  ami 
they  did  thirty-six  miles  per  day  for  five  weeks;  four  days  fifty-six 
miles  were  done  per  day,  and  the  last  day  sixty-five  miles,  and  all  three 
animals  were  in  admirable  condition  at  the  end  of  the  journey,  and  their 
muscles  hard  and  firm;  yet  they  hud  only  an  occasional  feed  of  barley  or 
maize  and  long  grass,  cut  as  required  by  the  groom  when  resting  at  the 
various  stages  or  halting  places  on  the  journey.  Such  a  test  is  the 
strongest  evidence  that  can  l>e  given  that  green  food  is  not  injurious  to 
horses  whilst  doing  hard  work.  As  to  hunters,  when  in  work  they  can  get 
no  green  food,  but  there  are  few  of  them  who  do  not  have  it  at  the  same 
season  as  the  pit  horses— in  summer.  It  mu?t  be  rcmeuil>ered  also  that 
hunters  are  only  in  condition  half  the  year,  and  that  they  are  well  groomed 
and  cleaned  and  occasionally  sw-ati-d.  Pit  horses,  on  the  contrary,  are  in 
condition  all  the  year  round,  are  never  thoroughly  groomed  and  cleaned, 
and  seldom  sweat  except  from  the  most  excessive  labour  or  a  hot  position 
in  the  pit.  Free  cutaneous  action  is  ensured  in  the  hunter  by 
clothing,  etc.,  but  is  retarded  in  the  pit  horse,  and  this  important  point  of 
difference  between  the  two  is  partially  rectified  by  the  use  of  green  food* 
Pit  horses,  like  hunters,  should  be  kept  in  the  highest  condition,  but  they 
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cannot  be  kept  alike;  both  require  a  sufficiency  of  proper  food  and  proper 
work,  bat  this  must  be  regulated  by  the  circumstances  in  which  the 
animals  are  placed. 

The  increased  perspiration  accompanying  green  food  feeding  is  sup- 
posed by  some  to  indicate  weakness;  by  others  to  be  productive  of  weak- 
ness. That  it  does  not  produce  weakness  is  shown  by  animals  fed  with  it, 
and  that  it  should  not  do  eo  will  be  understood  when  it  is  considered  that 
sweat  consists  of  99  per  cent,  of  water,  and  this  is  a  constituent  of  the 
body  easily  replaced  at  the  cistern.  Perspiration  is  not  a  true  indication  of 
weakness;  of  course  it  may  depend  upon  an  animal  not  being  equal  to  the 
work,  but  it  also  depends  upon  the  amount  of  fluid  taken  into  the  system. 
Green  food  contains  a  large  amount  of  watery  matter,  and  thus  horses 
consuming  it  perspire  freely*  They  do  so,  not  because  they  are  weak  or 
wanting  in  tone,  but  because  their  systems  contain  an  extra  quantity 
of  water.  Hunters  in  hard  condition  usually  sweat  but  little,  because 
they  are  fed  on  dry  food  and  limited  in  the  amount  of  drinking  water 
allowed;  thus  their  systems  contain  no  nioru  water  than  can  be  easily 
excreted  by  the  kidneys. 

The  writer  has  used  green  food  in  pits  for  thirty-three  years,  and  his 
conviction  becomes  stronger  with  time  that  it  is  a  most  valuable  article  of 
proveuder  for  hard  working  horses.  As  a  rule,  clover  and  seeds  are  used, 
but  green  tares  are  equally  good  if  not  used  till  well  podded,  and  only  sent 
into  the  pit  on  dry  days.  Nearly  ripe  tares  are  the  richest  in  flesh  forming 
matter  of  all  green  provender,  just  as  tares  are  the  richest  of  all  seeds  used 
as  food  for  man  or  animals.  When  commencing  to  feed  the  bank  horses 
with  tares,  half  the  usual  corn  is  taken  off,  and  as  the  tares  become  nearly 
ripe  many  of  the  horses  require  no  corn,  but  consume  about  70  lbs.  per 
day  of  green  tares  without  visible  alteration  in  health  or  condition,  and 
without  any  reduction  in  their  work. 

The  daily  consumption  of  green  food  and  its  comparative  cost  runnot 
be  better  shown  than  by  the  following  details.  In  June,  1874,  9£  acres 
of  clover  were  bought  for  £57;  on  the  17th  of  June  the  horses  begmi  to 
feed  on  it,  and  it  lasted  thirty-one  days.  The  weight  brought  to  the 
colliery  was  97  tons  7  cwts.  39  lbs.,  and  the  number  of  animals  fed  was 
828  horses  and  ponies,  or,  counting  two  ponies  as  equal  to  one  horse,  214 
horses.  Thus,  over  thirty-one  days  this  averaged  88  lbs,  per  horse  per 
day;  bat,  as  at  the  commencement  from  one-third  to  one-half  the  full 
allowance  only  was  giveu,  reaching  full  feed  on  the  fourth  day,  each  horse 
really  had  throughout  the  rest  of  the  time  about  56  lbs.  per  day.  The 
whole  of  the  hay  was  not,  however,  replaced  by  green  food,  for  during  this 


thirty-one  days  some  14  tons  of  hay  were  used,  gome  for  mixing  with 
the  corn  and  some  for  use  at  the  flats  or  sidings  whilst  the  horses  were  at 
work.  The  allowance  of  corn  was  reduced  by  2  lbs.  per  horse  per  dav. 
The  result  was,  the  animals  gained  in  bodily  bulk  and  did  their  work  as 
well  as  usual,  whilst  ■  considerable  sum  was  saved  in  the  cost  of  feeding 
as  shown  hereunder,  The  ordinary  consumption  of  hay  waa  9  tons  j>er 
week,  or,  for  the  thirty- one  days,  say  JJ6  tons,  which,  at  £ti  10s.,  is  £'2M. 
In  place  of  this  the  following  was  substituted: — 

U  totii  of  hay  at  £6  10s   £SM    0  0 

97 J      „     graen  clover,  costing  67    0  0 

£148  0   0  -  taring  £86. 

But  2  lbs,  of  corn  [*t  day  less  was  used,  and  this,  with  214  horses,  gives 
for  the  thirty-one  days  94 G  stones,  which,  at  Is.  2d.,  gives  an  additional 
feting  of  £55  3s,  sd.,  |  tofed  saving  Of  £1 41  3s.  8d.  in  one  calendar 
month,  or  little  more  than  half  the  cost  »>f  hay. 

Having  mn\-  eonsideivd  the  various  articles  of  provender  in  detail,  and 
attempted  to  show  tin-  feeding  value  of  each,  and  r * ^  point  i>nt  in  what 
particular  each  fails  to  all'ord  singly  an  unobjectionable  food,  the  different 
mixtures  of  grain  which  contain  suitable  pn»jM»rticui8 of  nutritive  material 
for  the  wants  of  an  animal  Inxly  undergoing  excessive  muscular  waste 
remain  in  lie  decanted  iqwn,  and  a  few  words  will  be  added  to  show 
how  the  selection  must  be  made  dependent  upon  the  market  price  ..i  th< 
diifeivnt  ingredients. 

Mixed  Food. — A  mixture  of  oats,  beans,  and  bran,  can  be  formed 
capable  of  meeting  any  fair  muscular  waste.  An  equally  good  mixture 
may  be  obtained  from  barley,  hums,  and  bran.  Oats,  maize,  and  beans 
may  also  be  used,  or  simply  maize  and  beans,  Kaeh  ■  if  these  mixture 
is  free  from  any  objectionable  projierty,  and  each  of  thetn  contains  a 
large  amount  of  blood-forming  matter.  The  question  is,  if  all  are  good 
foods,  which  is  the  most  economical ?  Perhaps  no  better  un^  :  .  .ir, 
be  given  than  that  actually  furnished  by  Inst  year's  prices  Good  old 
oats,  30s,  M|  lbs.;  good  peas,  Ms.  504  lbs.;  good  barley,  448  lbs,; 
and  maize,  *.'7s.  4*0  lbg.;  good  hay(  £7  per  ton. 

Considering  oats,  maize,  and  barley  as  of  equal  feeding  value  per 
stone,  and  f<mkin.^  a!  the  amount  nf  nutritive  material  contained  in 
each,  it  will  be  seen  that  hones  could  be  fed  at  fully  one-third  less  cost 
by  using  maize,  pews,  and  barley,  with  a  .small  quantity  of  hay  sufficient 
for  health,  instead  of  -aU  and  hay,  in  thejr  usual  proportions.  This  is 
shown  as  fiahovs; — 
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.  126  lb«.»  at  1  •  3d.  per  stone 
Hny,  140   „     „  104d+ 


»  d.  LU. 

11  3  Flesh  formers  151 

8  0  7-0 

20  0  22*1 


Hay,     56  lbs.,  at  I0£d,  per  stone 
Maise,  66  „    .,  » 
Barley,  42   „     „  9d. 
PkMW,     21   „    n  Is. 


s,  d.  Lbs. 

3  6  Flesh  formers  2'75 

3  2  p        M  7*25 

5i  3  H        N  675 

1  0  *        „  G*76 

10  5  2250 


Difference  in  cost,  its.  7d.  per  week,  or  £24  18s.  per  head  }>er  year 
in  favour  of  mixed  food,  and  rather  more  flesh-forming  mutter  in  it  than 
in  the  oats  and  hay. 

The  reports  of  South  Helton  and  Ryhope  Collieries  for  1881  are  prac- 
tical demonstrations  of  the  reliability  and  success  of  the  above  formula. 
At  the  present  time,  September,  18*2,  there  ia  not  such  a  marked  advan- 
tage in  the  use  of  maize  as  there  was  in  1880,  because  good  Scotch  oats 
then  cost  34s*  per  quarter,  maize  only  '24b.  per  quarter,  peas  36s.,  and 
barley  tf2a.  Now,  whilst  oats  have  fallen  6s.  per  quarter,  and  barley 
8s,  per  quarter,  maize  has  risen  lis.  per  quarter,  ao  that  the  relative 
cost  of  the  feeding  matter  in  the  grains  is  considerably  altered,  but 
owing  to  the  unprecedented  low  price  of  barley,  ML  per  stone,  it  can 
be  substituted  very  largely  fur  maize  with  an  enormous  pecuniary 
advantage. 

The  fluctuations  in  the  prices  of  provender  arc  constantly  occurring, 
far  more  bo  than  one  could  possibly  believe  unless  attention  were  carefully 
devoted  to  the  subject.  Thus,  in  1870,  maize  was  only  21s.  per  480  lbs., 
whilst  beans  and  pros  were  40s.  to  50s.  504  lbs.,  barley  8Gs.  to  40s.  418  lbs., 
and  hay  £4  per  ton.  At  the  present  time,  1882,  maize  is  35s.  480  lbs., 
barley  24s.  448  lbs.,  peas  36s.  504  lbs.,  and  hay  £7  10s,  per  ton  ;  or,  in 
round  numbers,  maize  and  hay  arc  more  than  one-third  higher,  whilst 
barley  is  one-third  lower,  and  peas  5s.  to  7s.  per  quarter  less  money. 

No  definite  mixture  eau  be  offered  as  always  affording  an  economical 
food.  The  coat  of  its  flesh- forming  ingredients  must  be  calculated,  and 
those  selected  which  are  cheapest,  but  it  must  not  be  forgotten  that 
some  articles  cannot  be  nscd  beneficially  without  another  of  opposite 
physiological  action  being  added.  Thus,  if  a  mixture  contain  beans  and 
no  maize,  bran  must  be  added,  and,  therefore,  m  substituting  oats  for 
maize,  the  price  and  feeding  value  of  bran  must  be  taken  into  con- 
sideration as  an  ingredient  of  the  mixture.    These  fluctuations  in  the 
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grain  market  also  show  that  capacious  granaries  should  exist  on  a)] 
large  horse  establishments,  bo  that,  instead  of  buying  from  hand  to 
mouth,  whether  provender  be  cheap  or  dear,  owners  may  be  enabled  to 
buy  largely  when  the  markets  arc  low,  and  sparingly  when  high. 

The  amount  of  provender  allowed  to  a  stud  must  be  regulated  chiefly 
by  the  work  done,  but  as  this  cannot  be  calculated  exactly,  the  condition  of 
the  horses  must  be  taken  as  a  guide,  ami  thus  a  just  estimate  of  what  is 
required  is  soon  arrived  at.  Every  increase  or  decrease  of  work  must 
then  be  followed  by  a  corresponding  alteration  in  the  amount  of  pro- 
vender, so  as  to  preserve  the  balance  between  food  and  work.  Never, 
however,  should  au  error  be  made  on  the  side  of  parsimony,  as  loss  of 
condition  is  oniy  re-established  by  an  extravagant  use  of  food. 

Gutting  and  Bruising. — Having  selected  the  food,  or  mixture  of  food, 
it  is  proposed  to  use,  the  form  in  which  that  food  may  be  most  advan- 
tageously given  has  now  to  be  considered.  The  form  in  which  the  food 
is  delivered  is  open  to  two  objections.  The  long  hay  is  wasted  by  the 
animals  allowing  a  portion  of  it  to  fall  under  their  feet,  and  some  of  the 
grain  is  liable  to  pass  undigested  through  the  alimentary  canal.  To  avoid 
these  sources  of  loss,  it  is  advisable  that  the  hay  be  chopped  and  the  grain 
be  crushed.  Experience  shows  positively  that  these  operations  are  pro- 
ductive of  no  ill  effects.  The  additional  expense  they  entail  is  many  times 
repaid  by  the  prevention  of  waste  in  the  hay,  and  by  the  more  complete 
digestion  of  all  the  grain  eaten.  It  has  been  objected  to  these  operations 
that  they  induce  a  horse  to  bolt  his  food  only  half  masticated.  To  wt& 
this  question  at  rest  the  following  experiment  was  instituted.  Four 
horses  were  led  on  long  hay  and  whole  oate;  four  others  on  cut  hay  and 
bruised  corn.  The  prepared  food  required  ten  minutes  longer  for  it* 
consumption  than  the  whole.  Possibly  if  the  two  articles,  cut  hay 
and  bruised  com,  were  given  separately,  as  is  the  usual  proveuder, 
horses  might  eat.  it  more  quickly;  but  it  is  best  to  mix  a  portion  of 
the  huy  with  the  corn,  aud  thus  the  animal  is  obliged  to  thoroughly 
masticate  both. 

The  grain  is  crushed,  not  to  improve  mastication,  not  to  save  the  animal 
the  trouble  of  chewing  his  food,  but  simply  to  break  the  envelope.  It  is 
not  ground  to  jwwder,  but  simply  split.  No  doubt  horses  with  good  teeth 
would  well  digest  most  of  the  grain  tiny  are  allowed,  but  it  should  not 
Ik;  deemed  satisfactory  to  lose  any,  and,  therefore,  all  the  com  should  lie 
reduced  to  a  lorn j  in  winch,  whilr  it  nun  still  }>o  well  masticated,  it  is 
most  favourable  for  digestion;  to  a  form  in  which,  even  should  it  escape 
the  teeth,  it  will  not  encape  the  stontneh.    The  cutting  of  hay  is  advised 
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for  a-different  reason.  It  is  not  supposed  that  this  mechanical  oj>eration 
affects  its  digestibility,  but  it  prevents  waste  in  the  transit  from  the 
granary  to  the  pit,  it  also  prevents  waste  in  the  stall  when  the  horse 
pulls  a  mouthful  from  the  manger;  above  all,  it  cause*  the  hay  to  mix 
better  with  the  grain,  so  as  to  compel  the  horse  to  thoroughly  masticate 
the  whole  of  his  provender.  With  long  hay,  frequent  portions  fall  uuder- 
foot,  are  trampled  on  and  spoilt ;  some  horses,  from  mischief,  wilfully 
throw  their  hay  on  the  floor,  and  these  little  hits  form,  collectively,  in  a 
large  establishment,  a  considerable  item.  By  cutting  the  hay  this  waste 
is  prevented,  as  the  animal  can  only  remove  a  mouthful  at  a  time  The 
length  of  cut  ia  almost  immaterial,  being  equally  effective  if  cut  two 
inches,  as  if  cut  to  half  an  inch, 

Time*  of  Feeding. — Almost  of  more  importance  than  the  form  in 
Mfhicli  food  is  given,  is  the  frequency  and  regularity  of  meals.  The 
horse's  digestive  oTgans  are  not  constructed  for  lung  fasts,  l^ong 
intervals  without  food  produce  hunger,  and  hunger  begets  voracity,  food 
is  bul ted,  and  indigestion  and  colic  follow.  This  is  doubly  true  and 
cJoubly  dangerous  with  horses  doing  hard  work.  They  come  to  their 
long-deferred  meal  not  ouly  hungry,  but  exhausted;  not  only  is  the  food 
lx>ltcd,  but  the  stomach  is  in  such  a  state  as  to  be  incapable  of  thoroughly 
active  digestion,  and  is  overpowered  by  half  the  amount  of  food  it  could 
otherwise  easily  digest. 

Waste. — The  prevention  of  waste  is  best  attained  when  a  proper 
aimount  of  food  is  given  in  a  proper  form;  but  there  are  two  points  to 
^rhich  it  is  right  to  devote  some  attention — the  form  of  the  manners,  and 
Attention  to  the  wants  of  individual  animals.    The  mangel's  should  not 
*bc  less  than  3  feet  long,  18  inches  wide,  and  12  inches  deep.  They 
should  have  an  upper  border  of  wood  projecting  inwards  for  about  2 
inches,  and  a  transverse  bar  of  half-inch  round  iron  across  the  middle. 
A  piece  of  2-iuch  wide  hoop  iron,  screwed  on  to  the  top  of  the  manger, 
protects  it  from  damage  by  the  horse's  teeth.    This  simple  arrangement 
prevents  the  horse  from  throwing  out  his  corn,  and  the  provender  is  not 
leA  iu  so  thick  a  layer  as  in  the  ordinary  narrow  and  shallow  manger. 
The  second  point  is  one  which  concerns  the  horse-keepers.    Upon  these 
depend  the  equable  distribution  of  the  food,  and  the  attention  to  the 
wants  of  individual  animals.    Iu  all  stables  of  any  size  it  will  be  found 
that  differences  of  constitution,  or  different  degrees  of  labour  cause 
variations  in  the  amount  of  food  necessary  for  each  horse.    In  a  stable  of 
id  or  18  horses,  some  will  be  found  in  moderate,  some  iu  good,  and  some 
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in  very  good  wild  it  ion,  each  having  exactly  the  same  food.  Now,  it  is 
by  the  condition  alone  that  the  amount  of  provender  required  win  be  esti- 
mated, and  therefore  all  the  horses  should  be  nearly  alike  as  to  condition. 
Of  course  there  are  some  old  horses  and  some  which  never  look  up  to  the 
murk,  but  setting  aside  these,  a  horse-keeper  should  know  his  work  well 
enough  to  bo  able  to  increase  or  decrease  the  amount  of  food  for  each 
horse  according  to  its  wants.  If  all  get  exactly  the  same  measure,  it  will 
be  certain  that  some  have  too  little  and  others  too  much;  there  is  therefore 
waste — waste  of  the  food  left  by  some  horses,  and  waste  of  condition  iu 
those  which,  it  may  1>e  temporarily,  require  a  little  extra. 

Hufxc-Krppprn. — Too  little  attention  is  given  to  the  selection  of  this 
class  of  men.  On  many  collieries  it  seems  to  l>e  understood  that  any 
deerepid  old  man  who  is  no  longer  equal  to  the  exhaustion  of  coal-hewing 
is  fit  to  have  charge  of  a  stable.  Now,  the  difference  between  a  gtH*l  and 
a  bad  horse-keeper  is  often  sufficient  to  spoil  the  best  arranged  manage- 
ment. Food  and  work  beim:  equal  in  two  stables,  the  health  and  condition 
iu  each  vary  in  proportion  to  the  skill  and  care  bestowed  by  the  horse- 
keeper,  Regularity  in  attendance,  feeding,  and  cleaning  arc  essential. 
He  must  also  take  sufficient  pride  and  interest  in  his  work  to  keep  his 
stalls,  mangers,  cisterns,  and  harness  in  gnod  order,  and  lie  must  have  that 
knowledge  of  the  habits  and  peculiarities  of  the  animal  only  attained  by 
long  association  with  it,  which  is  requisite  to  detect  any  little  change 
betokening  discomfort  or  disease.  An  old  was  tern  an  may  |»osseBs  these 
qualifications  if  his  youth  has  been  passed  amongst  horses,  but  this  is 
exceedingly  rare.  Age  is  no  disqualification  for  horse-keeping,  but,  utln  r 
things  being  equal,  youth  and  activity  are  preferable.  Owuers  of  horses 
surely  know  the  difference  between  a  good  and  bod  groom.  If  this  is  felt 
by  persons  keeping  horses  for  private  use,  how  much  more  must  its  truth 
apply  to  the  case  of  underground  horses,  where  work  is  laborious  and 
where  stables  and  surroundings  favour  the  non-detection  of  idleness  and 
ignorance  in  the  man  who  is  supposed  to  attend  to  their  necessaries  and 
comforts.  The  writer  has  known  four  bushels  more  corn  per  week 
required  by  one  man  than  by  another,  in  a  stable  of  fourteen  horses,  to 
keep  the  animals  in  the  same  condition. 

It  is  very  extraordinary  how  little  attention  is  given  to  this  subject  by 
most  viewers*  Stables  and  stable  management  seem  to  be  quite  outaide 
their  calculations,  as  if  it  were  of  so  little  moment  as  to  1h*  unworthy  of 
their  special  attention.  Thus  some  viewers  request  a  man  to  attend  to 
thirty  and  even  forty  animals,  feeding,  watering,  grooming,  gearing  and 
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ungearing,  and  cleaning  harness  and  stables,  besides  attending  to  sick  and 
lame  horses  in  the  pit.  The  result  is  that  no  part  of  the  work  is  efficiently 
done,  and  the  waste  of  provender,  waste  of  grass,  aud  loss  on  the  stud  is 
tenfold  greater  than  where  each  horse-keeper  has,  as  I  nile.  a  maximum  of 
twelve  horses  or  sixteen  ponies  to  look  after.  This  number  is  as  great  as 
the  best  of  horse- keepers  can  possibly  attend  to  with  efficiency  and 
economy. 

In  South  Wales  and  in  the  West  Coast  Collieries  ten  horses  arc  given 
to  one  horee  keeper  to  attend  to,  and  this  is  Tar  more  economical  than  the 
thoughtless  plan  of  giving  large  numbers  to  the  care  of  one  man. 

The  tabulated  reports  show  both  the  actual  and  comparative  cost  of 
feeding  at  the  respective  establishments.  The  actnal  cost  speaks  for  itself; 
the  comparative  cost  shows  the  saving  effect ed  by  the  mixed  food  over  the 
old  mode  of  feeding.    The  comparison  is  made  with  the  feeding  in  use  the 
rear  previous  to  the  writer  being  employed  as  horse  manager.    The  old 
plan  of  feeding  is  obtained  from  the  colliery  books,  and  is  calculated  on 
the  stock  of  animals  kept  aud  the  total  consumption  of  provender.  The 
comparison  is  made  by  taking  the  actual  quantities  of  provender  consumed 
under  the  two  systems  at  the  prices  paid  during  the  year  for  which  the 
report  wa«  made  and  the  classification  of  the  horses  and  ponies  as  to  size 
is  exactly  as  they  stood  in  the  books  when  the  writer  commenced.  This 
matter  of  size  requires  attention,  as  it  has  a  considerable  effect  upon  the 
crttit.    It  is  one  of  the  reasons  why  the  absolute  cost  appears  so  much 
higher  at  some  collieries  than  at  others.    For  instance,  at  Ryhope,  what 
are  called  **  putting"  ponies  are  as  large  as  the  animals  classed  as  horses  at 
some  other  collieries.    Again,  at  Stella  and  Towneley  Collieries,  animals 
14  and  14*2  hands  are  all  classed  as  large  ponies,  whereas  most  collieries 
enter  all  14  hands  and  upwards  as  horses.    This  matter  of  size,  then, 
although  it  merely  requires  attention  to  prevent  emir  in  the  comparison 
of  two  years*  feeding  at  the  same  colliery,  renders  it  impossible  to  accurately 
compare  the  cost  of  feeding  at  two  different  collieries  even  for  the  same 
year. 

Attention  should  be  also  given  to  another  point  affecting  the  compara- 
tive cost  shown  by  the  reports,  viz.,  that  some  of  the  collieries  had  before 
adopted  a  part  of  the  plan  recommended.  They  had  used  beans,  peas, 
harley,and  bran  in  addition  to  oats,  and  they  had  crushed  the  grain;  thus 
the  cose  of  the  comparative  year  was  already  much  lower  than  if  the  old 
plan  of  whole  oats  and  long  hay  had  been  in  force.  Tins  was  the  case  at 
Coirpen  and  at  Brancepeth  Collieries:  at  the  latter,  this  change  had  reduced 
the  coat  of  each  horse  three  or  lour  shillings  per  week  below  that  of  the  old 
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system.  At  South  Hetton,  Rjhope,  nnd  North  Sea  too,  tin?  old  plan 
in  use,  and  thus  the  comparative  year  stands  higher,  and  a  greater  di 
ence  is  shown  in  favour  of  the  writers  plan. 

The  following  particulars  of  the  feeding  at  the  principal  collieries  with 
which  the  writer  is  connected  show  the  practical  results  of  the  method. 
The  total  saving  in  1881  at  these  places  was  as  follows:  - 
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The  following  is  a  statement  of  the  saving  effected  over  a  number 
years  at  most  of  the  collieries  attended ; — 
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But  the  saving  in  the  cuat  of  feeding  by  this  method  is  not  by  any 
means  the  only  advantage,  or  the  whole  economy  effected,  for  it  ia  claimed 
that  horses  do  more  work  per  annum,  are  in  better  condition,  and  last 
considerably  lunger  than  those  fed  on  any  other  plan. 

The  writer  has  sound  data  to  prove  this  assertion.    To  disprove  some 
statements  to  the  contrary,  there  was  drawn  up  from  the  hooks  of  t  In- 
South  Hetton  Colliery  a  tabular  account  extending  over  twenty-one  years, 
showing  the  number  and  cost  of  horses,  the  cost  of  feeding,  and  tr.e 
amount  of  coal  drawn,    (See  next  (fige.) 

This  information  was  obtained  from  the  horn1  Ixtoks,  stock  books, 
o.nd  from  the  case  book  wherein  are  entered  the  particulars  of  disease 
or  accident,  causing  any  animal  to  be  a  whole  day  off  work. 

The  stock  is  taken  every  year,  and  the  name,  age,  colour,  size,  and 
value  of  each  animal  entered.  No  animal  is  ever  valued  above  1 1  a ■  •  ensi 
price.  All  new  horses  and  ponies  are  entered  in  the  horse  book,  with  full 
particulars  of  age,  colour,  size,  price,  date  of  purchase,  and  sellers  name. 

Up  to  1850  the  only  provender  used  at  South  Hetton  was  long  hay 
^nd  whole  oats,  with  occasionally  a  frw  benns.  At  the  close  of  that  year 
t^he  management  was  placed  in  the  writer's  hands,  when  crushing  the  oata 
sind  cutting  the  hay  was  commenced,  and  a  greater  variety  of  grain  used. 

The  difference  in  the  cost  of  feeding  lias  resulted  in  a  saving  during 
the  thirty-one  years  of  £117,455,  and  the  percentage  of  deaths  from 
*li&ease  is  less  than  half  what  takes  place  amongst  agricultural  horses. 

The  opinion  of  the  late  Mcssn*.  T.  E.  Former  and  Xirhuhm  \V  i. 

who  in  1853  investigated  the  subject  of  length  of  service  and  annual 
deterioration  of  pit  horsea,  was  that  they  lasted  from  four  to  five  years  at 
the  most,  and  that  £"»  per  head  should  be  allowed  for  deterioration. 
The  following  table  shows  that,  at  South  Hetton  the  avenige  service  wa* 
seven -and-a-half  to  eight-and-a-half  years,  and  the  yearly  deterioration 
amounted  to  £1  12s.  3d.  jier  head.  The  table  only  extends  to  1K71. 
The  explanation  is  that  in  March,  1*7;?,  it  was  completed  and  sent  to 
Mr*  Johji  Forstcr,  of  London,  the  principal  owner. 


Tabula »  Statement,  showing  the  Nfmbek  a*d  Cost  of  Hokbbi  as» 
Stock-       |  Sohii  Hettox—  41  hor&es  14  larg-e  juries.  11  small  pome*. 
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Posits  for  21  Yh*m  at  South  Herros  anh  Morton  CoLUKWto. 

Stoc£—    i  Sown  Hbtto*— 2ti  horses,  \2  tar^  ponies,  74  -mall  pome*, 
Dec.  31,  1871,  f  MrsTOM  70   do.     36        do.        101  do. 
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Lest  east  of  feeding  at  Kelloe,  for  19  years  ...  13.113  6  8 
Lew  coat  of  feeding  at  Triindon  0  range,  for  2 1  years   9,323    5  4 


£09,027  16  10J 

in  higher  price  of  provender  for  21 
tears,  over  that  charged  in  1849  ...   18,009  10  6 

Total    £87,037     7  4$ 


LKNGTH  OF  SE0V1CK  AffD  HEALTH  OF  STUD. 

2  bone*  and  3  pome*  have  been  in  the  piU  over  21  yearn  each. 

15  do.    have  been  011  the  collieries  over  14  years,  and  12  others  over  10  year*  each. 
There  are  60  ponies  that  have  been  in  the  piU  over  10  years,  15  over  14,  and  (J  over 
20  year*  each. 

11  years  out  of  21  no  horse  died  from  disease,  and  10  years  out  <if  21   no  jiony 
died  from  disease. 
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The  following  table  will  show  the  average  duration  of  life  of  pit  horses 
at  several  collieries,  which  is  extremely  satisfactory  as  eompired  with 
the  results  obtained  by  Messrs.  T.  E.  Forster  and  Nicholas  Wood,  and 
that  recorded  by  Mr.  Wight  in  his  paper  already  referred  to,  in  which  he 
says  the  average  is  only  four  years  in  the  South  Wales  collieries,  being 
but  a  trifle  over  half  the  period  of  the  lives  of  horses  in  the  collieries  of 
the  North. 

A VEKAGB   LKXOTU  OP  LlFB  OF  PlT  HOHSBS   ASD  PoSIBS  Ot  TH*  r3Cl>BttMBKTlOM ID 
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The  above  averages  arc  most  satisfactory,  considering  that  at  least  75 
per  cent,  of  all  deaths  in  the  Northern  collieries  are  produced  by  accidents 
in  the  pits.  One  of  the  most  important  modes  of  reducing  the  mortality 
of  pit  horses  is  the  keeping  of  a  "case  book/'  in  which  every  animal  off 
work  24  hours  is  entered,  with  full  particulars  of  the  name  and  colour  of 
the  animal,  nature  of  injury,  and  name  of  driver.  This  book  is?  laid  before 
the  **  head  viewer"  every  bill  day  for  his  inspection  and  signature. 

The  very  fact  of  the  drivers  and  officials  knowing  that  every  animal  off 
work  will  he  brought  before  the  head  viewer  is  sufficient  to  pi-event  most  of 
the  gross  cruelty  in  the  colliery,  and  thus  prolonging  the  lives  of  the  stud. 

DH  D  B  KUHOUX  1)  ST  A  BLEB. 

There  is  nothing  on  a  colliery  respecting  which  there  is  so  great  a 
difference  of  opinion  as  underground  stables  and  the  ventilation  of  them. 
They  are  made  in  sonic  collieries  at  a  cost  of  £8  to  £10  per  stall,  whilst  at 
others  2us.  per  stall  would  cover  them*  Some  have  wide  arched  covering 
with  dressed  stone  pillars,  and  the  partitions  of  the  stalls  closely  boarded 
up  or  built  of  bricks,  whilst  others  have  only  two  or  three  props,  slight 
boarded  partitions,  and  no  other  flooring  than  the  stone  or  shale  of  the 
seam ;  others  have  them  well  ventilated  by  fresh  air  ad  libitum  passing 
through  them  and  into  the  workings,  whilst  others  shut  off  every  foot  of 
air  when  the  animals  are  out  of  the  stables  and  only  allow  of  a  limited 
supply  when  they  are  in,  and  this  small  supply  after  airing  the  stables  is 
passed  into  the  "waste"  and  so  lost  to  ventilation. 

Both  these  extremes  are  wrong.  A  very  efficient  pit  stable  may  be 
made  for  about  30s.  to  40s.  per  stall 
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After  choosing  a  spot  with  good  roof  of  not  less  than  Hi  to  lrt  feet 
wide  with  a  good  fall  for  drainage,  a  wall  should  be  built  8  feet  high, 
8  to  4  feet  from  the  coal  wall,  and  the  manger,  made  of  iron  or  wood,  or 
what  is  better  than  either,  brick  cemented  inside,  placed  against  it.  The 
manger  may  be  2  feet  long,  18  inches  wide,  and  15  inches  deep,  placed 
on  a  brick  or  stone  base  18  inches  high,  with  three  or  four  props  or  up- 
rights W'tweni  tin:  manger  and  the  end  of  the  stall,  to  which  two  pieces  of 
12-inch  board  should  be  nailed  along  the  whole  length  of  the  stall,  leaving 
12  inches  of  the  lower  part  and  all  above  the  2  feet  boarding  open  to  the 
roof.  To  prevent  one  horse  biting  the  other  or  eating  out  of  his  manger, 
a  prop  on  the  brick  wall  in  front  of  the  manger  up  to  the  roof  should 
lie  put  in,  and  four  or  five  pieces  ot  half-inch  round  iron  put  through  this 
and  the  first  long  prop  forming  the  side  of  the  stall.  The  floors  may  l>e 
Mil  with  bricks,  or  cement,  or  wood  planking;  the  latter  is  best,  but  brick 
floors  are  the  least  expensive.  Only  one  bono  in  ten  lies  down  on  a  brick 
floor,  two  in  ten  lie  ou  cemented  floors  without  sawdust,  and  with  plenty 
of  .sawdust  seven  in  ten,  and  the  same  on  wooden  floors.  These  facts  have 
been  carefully  noted  in  Be  vend  pits,  and  it  is  a  very  important  matter, 
because  horses  which  never  lie  down  become  leg  weary  in  a  quarter  of  the 
time  that  those  do  tlmt  lie  regularly  in  the  stable.  Scores  of  cases  occur 
where  horses  that  never  Be  down  have  become  perfectly  useless  for  pit 
work  in  two  or  three  years  through  numbness  of  the  legs,  which  causes 
them  to  stumble  over  the  sleepers,  fall  down,  and  so  stop  the  work.  For 
Nueh  animals  loose  boxes  should  be  made,  and  in  nearly  all  cases  horses 
that  were  comparatively  useless  have  in  three  or  four  months  become  very 
valuable,  doing  pit  work  for  several  years  after.  In  Ry hope  pit  this 
was  very  marked,  the  work  being  extremely  heavy  and  the  horses, 
sixteen  hands  and  upwards,  going  with  10-ton  loads.  The  viewer, 
seeing  the  great  ad  vantage  gained,  made  one,  and  sometimes  two,  loose 
boxes  for  every  stable,  and  this  doubtless  paid  three  or  four  per  cent,  for 
the  outlay.  At  Ijord  Lonsdale  s  collieries  the  viewer  hud  done  tin?  sum' 
thing  aud  with  the  most  satisfactory  results.  As  no  straw  or  bedding  of 
;ntv  kind  is  allowed  down  pits  sawdust  should  be  used  in  lis  lar^e  quantities 
as  can  be  had.  h  would  be  an  enormous  boon  to  thr  puur  animals  if  some 
cheap  and  useful  bedding  could  be  had  for  them  to  lie  upon.  Probably  if 
Mpeat  moss  Utter"  could  Ik*  had  for  20s.  per  ton  it  would  pay  for  under- 
ground litter.  This  is  mentioned  chiefly  in  the  hope  that  some  gentleman 
will  try  it,  and  give  the  coal  trade  the  benefit  of  his  experiment,  both  as 
to  its  usefulness  and  ita  cost,  alter  deducting  the  price  of  the  manure  sold 
from  the  pit. 
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For  inbye  stables  at  Zenith  Hetton  uml  Morton  Collieries  iron  props 
and  mangers  Imvc  been  used  for  many  years  instead  nf  wood,  both  by 
Mr.  Richard  Forster  and  his  predecessor,  Mr,  Matthews.  The  latter 
gentleman  adopted  them  after  the  inbye  stables  caught  fire  at  Hetton  Col- 
liery several  years  ago,  costing  that  Company  many  thousands  of  pounds. 
They  are  constructed  at  a  very  reasonable  expense,  and  are  very  durable 
and  very  safe  against  fire, 

Plate  XII,  shows  a  novel  pit  stable  by  Mr.  Wight,  of  Cwmaman 
Collieries,  South  Wales,  which  can  be  used  as  a  loose  box  or  stall.  The 
advantages  of  this  plan  are  set  forth  in  his  very  excellent  paper  on 
"Underground  Horses/1  already  referred  to.  The  cost  per  stall  is  as 
under:— 


The  novel  part  of  the  plan  consists  in  backing:  the  horse  into  the 
stall,  instead  of  backing  him  out.  The  advantages  are:— First,  that  the 
horses1  heads  and  DOt  their  tails  are  of  necessity  always  close  to  the 
main  current  of  air*  Second,  that  it  is  much  easier  to  feed  and  water 
the  horse  whin  so  placed  than  to  carry  the  food  and  water  to  the  other 
end  of  the  stall.  Third,  being  only  upright  posts  between  each  "loose 
box"  or  stall,  the  free  passage  of  air  through  the  whole  of  the  stable  is 
greatly  facilitated.    Mr.  Wight  says: — 

Upun  the  question  of  ventilating*  stable*  much  prejudice  exists.  The  prevailing 
method  is  to  allow  a  split  of  fresh  air  to  pass  directly  from  the  intake  through  the 
stable*  into  the  returns.  This  is  a  most  pernicious  practice,  for  in  the  event  of  any 
scarcity  of  ventilation  the  borstal  would  he  sure  to  be  pinched  the  first,  and  the  stables 
would  become  unwholesome,  unhealthy,  and  the  breeding  ] jlaoe  nf  disease.  Resides,  the 
arrangement  in  an  extravagant  waste  of  air  tl»at  might  do  important  service  in 
assisting  to  clear  away  gas  in  some  far  off  point,  instead  of  going  direct  to  the 
"upcast/*  The  only  efficient  way  to  ventilate  stables  is  to  construct  them  so  that  the 
uir  may  come  from  the  main  iutiiki'  of  the  district,  pa>s  through  the  stables,  and  then 
return  back  to  the  intake.  When  this  mode  of  ventilation  is  adopted  there  U  no 
inducement  on  the  part  of  anyone  to  rob  the  horses  of  any  portion  of  the  air  which 
they  should  have,  for  they  would  get  the  first  of  the  air,  which  would  be  in  a  com- 
paratively fresh  aud  pure  state.  No  other  system  of  ventilation  should  be  allowed, 
and  the  objections  made  by  Home  that  the  smell  of  the  horses  would  be  intolerable 
should  be  met  by  saying  boldly,  that  if  there  be  not  sufficient  air  in  the  district  to 
entry  off  the  smell  of  the  horses  the  pit  would  certainly  not  be  weU  enough  ventilated 
to  make  it  tit  either  forjjorsea  or  men. 
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Thousands  of  jiourtds  have  been  thrown  away  on  horse  establishments 
unit  great  suffering  inflicted  upon  the  poor  horses  through  the  mm- 
iipplication  of  this  simple  plan,  and  all  sorts  of  "tricks'*  have  been  adopted 
by  the  overmen  and  master  wasteinen  in  collieries  to  make  the  head  viewer 
disbelieve  jthe  complaints  of  want  of  air  in  some  of  the  stables.  One  of 
these  was  so  ingenious  that  it  is  worth  pointing  out.  Many  years  ago  the 
w  riu  r  reported  to  the  head  viewer  of  a  colliery  that  the  air  was  so  defieient 
in  a  large  T  shaped  stable,  that  it  would  not  move  the  flame  of  u  candle 
placed  on  the  flt»or;  that  2<I  horses  in  the  stable  were  breathing  live  times 
H  quickly  as  they  ought  and  sweating  as  they  stood.  The  master  waste- 
man  and  overman  were  sent  for  and  both  declared  the  ventilation  good, 
and  the  air  fresh  and  plenty  of  it,  and  that  there  must  be  a  mistake. 

It  was  arranged  that  an  inspection  should  Jx?  made  at  five  o'clock  the 
next  morning,  and  ten  times  the  quantity  of  air  was  found  to  be  passing 
along,  that  there  was  the  night  before.  A  lighted  candle  was  ordered  to 
be  put  on  the  floor  and  was  nearly  blown  out.  The  writer  protested  that 
something  had  been  done  to  throw  more  air  into  the  stables  since  the 
evening  before;  the  wastcman  and  overman  contended  equally  strongly  that 
nothing  had  been  altered;  but  some  months  after  it  was  discovered  that 
trickery  had  been  used.  The  farthest  outlet  of  the  T  had  been  ehoked 
up,  or  nearly  so,  by  a  fall,  thus  preventing  the  air  passing  out  of  the 
stable;  this  was  cleared  out  during  the  night,  and  as  soon  as  the  viewer 
had  passed  into  the  stable  three  or  four  brattice  boards  were  placed  across 
the  wagon  way  between  the  first  opening  and  the  main  stalk  of  the  T,  thus 
sending  ten  times  the  air  through  the  stable  that  was  passing  the  night 
before  and  causing  the  viewer  to  exclaim  that  In  was  never  in  a  better 
ventilated  stable.  The  men  took  care  bo  have  the  brattice  boards 
moved  to  the  side  of  the  wagon  way  before  the  main  intake  w;is  reached. 


WORK. 


At  the  commencement  of  this  paper,  it  was  pointed  out  that  the 
economic  management  of  horses  depended  no  less  upon  careful  working 
than  upon  judicious  feeding.  Work,  of  course,  must  be  proportioned  to 
the  strength  and  ability  of  the  horse.  It  is  evident  that  a  horse  only 
half  worked  is  not  an  economic  machine ;  it  is  also  evident  that  a  horse 
overworked  is  a  source  of  loss,  been use  the  deterioration  of  the  animal  is 
then  in  excess  of  the  value  of  his  labour. 

The  greatest  possible  economy  in  the  management  of  horses  is  attained 
when  the  work  is  level  with  the  powers  of  the  animal,  and  when  these 
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powers  are  thoroughly  met  by  good  feeding.  By  work,  the  muscubr 
Hystem  of  a*n  animal  is  fully  developed ;  by  food,  this  state  is  sustained, 
and  when  it  reaches  its  max imura — when  the  muscles  are  firmest,  when  the 
blood  is  richest,  when  every  vital  organ  is  most  active — the  point  is 
reached  at  which  an  animal  is  capable  of  doing  the  greatest  amount,  of 
work.  This  state  is  railed  "  condition,**  and  so  long  as  economy  is  the 
chief  object,  all  working  horses  must  be  kept  at  this  standard*  Under- 
feed or  over-work  an  animal,  and  at  once  it  is  reduced  below  the  point  at 
which  he  is  most  powerful,  and  therefore  most  economical. 

Unfortunately,  the  loss  and  injury  caused  by  over-work,  does  not 
commonly  show  itself  immediately  and  suddenly  in  a  form  to  he  detected 
by  a  novice*  It  is  no  such  palpable  and  striking  event  as  lameness  or 
paralysis ;  it  is  the  gradual  loss  of  tone  and  strength,  which  entails  more 
food,  but  no  equivalent  of  work,  and  which  gradually,  but  surely,  shortens 
the  life  and  destroys  the  value  of  the  animal.  As  soon  as  a  stud  of  pit 
horses  are  so  over-worked  as  to  lose  condition*  so  soon  is  the  horse  estab- 
lishment an  expensive  one,  and  the  cost  per  ton  for  horse  haulage  is  higher 
than  it  ought  to  be.  Of  those  cases  in  which  horses  are  worked  till  tliey 
drop  down  dead,  there  is  nothing  further  to  be  said,  and  the  writer  would 
have  preferred  to  have  left  the  subject  alone ;  because  it  is  not,  and  can- 
not be,  the  dnty  of  the  horse  manager  to  regulate  the  work  done  in 
collieries,  as  this  rests  with  those  who  are  much  higher  in  authority,  and 
who  ought  to  know  better.  Feeding  and  working  ure,  however,  so 
intimately  connected,  that  the  economics  of  one  cannot  be  considered 
independently  of  the  other. 

During  the  last  fifteen  years  the  writer  has  visited  most  of  the  large 
towns  in  the  kingdom  and  inspected  studs  of  horses  of  all  kinds.  He  has 
watched  them  at  work,  noticed  the  pace  at  which  they  travel,  and  the 
weights  they  move;  he  has  ascertained  their  methods  of  feeding  and  the 
cost;  has  seen  them  in  the  stable,  and  observed  their  condition,  and  been 
favoured  with  returns  of  their  usual  duration  of  service;  and  it  may  be 
broadly  stated  that  no  horses  work  so  many  hours  as  those  in  collieries, 
nor  is  the  work  so  severe  as  in  most  of  the  pits  visited  in  England  and 
Wales* 

Since  the  publication  of  the  pamphlet  on"  Pood  and  Work,"  eight  years 
since,  the  writer  has  made  careful  notes  of  the  relative  amount  of  work 
done  by  horses  on  different  collieries,  the  hoars  they  work  and  the  loads 
they  draw,  and  the  difference  is  incredible.  Thus,  at  several  large 
collieries  in  8outh  Wales  scarcely  a  horse  did  over  7  or  8  miles  per  day, 
and  at.  nrj  miliary  Ait]  rln>  awiMgL'  exceed  10  miles  per  day. 
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A  few  years  ago  at  one  of  the  largest  coal  and  ironstone  establishments 
ifi  Snuh  Durham,  with  a  stud  numltcnng  aOO  horses  ami  ponies,  the 
average  distance  travelled  by  each  animal  underground  was  less  Lhiin  half 
tfrnt  travelled  by  the  pit.  animals  at  Brauceiieth,  Miekley,  Whitehaven, 
Deluval,  Castle  Kden,  Haswcll,and  many  other  collieries  attended  by  the 
writer.  The  horses  in  the  ironstone  mines  travelled  a  less  distance  even 
than  the  pit  horses;  many  of  the  horses  took  heavy  loads,  hut  none  e<jnal 
to  the  loads  of  the  horses  belonging  to  the  Corporation  of  the  City  *>i 
Neweaatle-on-Tyne.  In  fact,  the  latter  horses  have,  tor  the  last  five  years, 
been  doing  two-thirds  more  mileage  ptBt  day  than  the  animals  in  the 
ironstone  mines  of  Cleveland.  The  cost  of  keeping  this  smd,  which  was 
led  on  hay  and  oats,  cost  more  by  £10,000  a  year  than  did  sot  cfjnal 
number  of  pit  animals  fed  with  mixed  food  in  the  way  before  dcscrilied. 

U  is  very  difficult  to  compare  the  work  done  by  horses  tinder  different 
circuinstances,  and  it  is  equally  difficult  to  say  what  is  a  fair  day's 
work  for  a  horse.  To  arrive  at  a  definite  conclusion  all  the  circum- 
stances affecting  the  work  must  be*  known.  Theft  are  almost  indefinite, 
including  as  they  do  the  pace,  the  weight  drawn,  the  kind  of  mad  way, 
the  gradient,  the  form  and  size  of  wheel,  ct<\ 

Perha|i«  no  better  idea  can  be  given  of  what  colliery  horses  do  than 
hy  showing  what  distances  they  travel  and  what  weights  they  draw  on  a 
nearly  level  road*  At  the  Earl  of  Lonsdale's  collieries,  Whitehaven, 
there  was  a  horse-road  lj  miles  in  length.  Kach  horse's  journey 
tjp  and  down  this  way  averaged  alwmt  lflj  miles  per  day.  On  the 
journey  on t  they  brought  about  7  tons,  and  on  the  return  journey  they 
took  in  about  .8  Urns  of  empties,  so  that  they  travelled  miles  a  day  w  ith 
7  tons,  and  9|  miles  with  from  3  to  4  tons.  This,  however,  is  above  the 
nverage  distance  for  pit  horses  to  travel.  When  the  pits  work  regularly 
nix  days  a  week  it  is  only  by  the  greatest  care  that  they  can  lie  kept  in 
good  condition;  frequently,  however,  only  five  days  per  week  are  re- 
quired. 

More  than  eighty  years  ago  a  Dr,  Dixon  wrote  a  book  on  these 
Whitehaven  collieries,  and  stilted  what  the  horses  did  at  that  time. 
"They  used/'  says  the  doctor,  *'to  work  nine  hours  at  a  shift,  and 
twenty  horses  drew  about  42  to  44  tons.  When  the  pits  worked  night 
and  day  there  were  three  shifts  of  horses  each  working  eight  hours.  The 
hones  employed  drawing  eoals  from  the  lace  to  the  shaft  travel  w  lie  re  the 
reads  are  level  from  nine  to  ten  miles  a  day;  bur  where  the  roads  are  up 
an  incline  of  three  to  four  inches  to  the  yard  they  only  travel  six  miles 
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per  day."  Compared  with  this  the  horses  of  to-day  oomc  out  well,  a*  in 
those  same  juts  they  travel  double  the  distance  and  take  four  times  the 
tftid  they  did  iu  1801. 

Nineteen  and  a  half  miles  a  day  is,  however,  too  great  a  distance  for 
pit  horses  to  average.  If  it  were  practicable  to  put  another  horse  on  the 
road,  and  m  reduce  the  mileage,  there  is  no  doubt  it  would  be  economical. 
But  pit  work  cannot  always  be  arrange*)  so  easily  sis  carting  or  ploughing. 
Still  there  exists  a  good  deal  of  false  economy  and  not  a  little  cruelty, 
which  is  avoided  when  the  viewer  is  not  only  a  clever  mining  engineer, 
but  understands  horses.  No  man  wilfully  oyer- works  his  horses,  but  some 
from  want  of  sj»eeial  knowledge  of  the  animal,  and  from  anxiety  to  "get 
the  work  out/*  do  no.  They  make  the  same  mistake  as  a  captain 
of  i  steamer,  who,  to  obtain  an  extra  knot  an  hour,  bums  £5 
worth  of  extra  coal  per  day,  and  saves  in  time  about  20b.  per  day* 
The  motive  is  good  but  the  result  waste.  The  average  mileage  in  a  fairly 
level  pit,  is  about  U  to  3  i\  miles  a  day.  Some  horses  do  not  travel  over 
10  miles,  others  cover  l'O  or  *lh  in  the  shift,  and  even  28  miles  per  day  in 
Murton  Pit  has  beeu  averaged  fnr  three  or  four  months,  the  horse 
remaining  in  splendid  condition.  The  rollcyway  cobs  in  the  C  Pit, 
Branccpetb,  did  f*»r  years  24  t<>  2 (J  miles  per  day,  and  the  horses  in  the 
B  Pit,  Wiliiugton,  for  a  whole  year  averaged  24  miles  per  day.  This 
variation  in  distance  depends  chiefly  upon  the  level  uf  the  wagonway. 
In  pits  where  the  roadway  is  very  irregular  and  the  gradients  heavy, 
the  work  is  most  exhausting.  Among  the  many  instances  where  the  effects 
of  this  variation  in  level  are  almost  beyond  belief,  one  in  particular 
may  be  mentioned,  where,  jn  a  certain  pit  there  was  a  level  plane  half  a  mile 
long,  nvcr  which  one  horse  conveyed  all  the  coal  from  the  workings. 
Beyond  this  was  an  incline  I'OU  yards  long,  of  7  inches  to  the  yard,  up 
which  the  same  weight  of  coal  had  to  pass.  H  required  ten  horses  to  draw 
the  weight  up  the  shorter  distance,  and.  even  then  the  ten  could  barely 
be  kept  in  condition,  by  all  the  extra  food  they  could  consume.  The  horse 
on  the  plane  was  always  in  good  condition.  This  horse,  it  will  be  observed, 
travelled  tour  times  the  distance  of  the  others,  ami  took  ten  times  the 
weight,  and  consumed  m>H  lbs.  of  corn  per  week  less.  Bo  laboring  is  the 
work  in  some  parts  of  collieries,  that  unless  the  particulars  were  noted  no 
one  could  believe  the  marvellous  difference  caused  by  gradients  on  the 
work  of  underground  horses. 

A  short  time  wince  when  visiting  the  "inbye"  workings  of  a  colliery  to 
examine  the  horses  at  work,  the  respirations  of  the  animals,  big  sixteen 
hand  horses,  were  taken,  and  some  reached  the  incredible  number  of  145 
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per  minute,  the  hearte  action  being  122  per  minute  and  this  after  stand- 
ing quiet  for  ten  minutes ;  whereas  the  breathing  of  a  horse  in  health,  and 
quiet,  should  be  twelve,  and  the  heart's  action  10  per  minute.  In  these 
workings  the  gradient  against  the  fid  tub  was  inches  to  the  yard,  The 
com  consumed  by  the  horses  was  13£  stone*  j>er  week,  and  yet  they  were 
only  in  moderate  condition,  whilst  other  horses  working  on  nearly  level 
roads  consumed  only  7  atones  par  week,  ami  were  in  splendid  condition. 
The  above  cases  are  mentioned  to  show  that  where  horses  are  over- 
worked the  cost  of  horse  flesh  is  enormous;  the  waste  of  tissue  is  so  great 
that  nature  seems  to  compel  the  poor  animal  to  be  always  eutiug  to 
repair  the  loss;  but  it  is  impossible  that  any  horse  could  assimilate  the 
amount  of  nntrimeut  contained  in  i:H  stones  of  mixed  food  hi  a  week, 
and  hence  the  waste  is  twofold,  loss  in  food  and  loss  in  horse  flesh, 

This  matter  of  gradient  is  of  far  more  importance  when  the  roadway 
consists  of  iron  rails,  than  when  it  is  merely  a  macadamized  surface.  On 
level  way,  a  horse  can  take  eight  times  the  load  in  a  truck  running  on 
iron  rails  that  he  can  in  a  curt  or  wagon  on  any  ordinary  road;  but  when 
the  way  is  inclined  this  is  altered,  and  a  rise  of  six  to  seven  inches  to  the 
jard,  reverses  the  power  of  draught,  as  then  ;«  horse  will  take  eight  times 
as  great  a  weight  up  the  road  surface  as  he  can  up  the  rails. 

This  is  the  explanation  of  the  enormous  diJlercnce  in  [.he  draught- 
power  of  pit  horses  on  levels  and  on  heavy  gradients.  Of  course  there 
cannot  be  pits  without  inclines,  and,  therefore,  horses  must  work  them; 
but  it  behoves  all  managers  favouring  true  economy  to  avoid  very  heavy 
inclines,  or  to  modify  them  as  much  as  possible. 

It  happens  occasionally  on  collieries  that  the  grease  is  very  bad,  and 
it  has  occurred  that  a  sample  of  some  anti-friction  material  has  been 
perfectly  innocent  of  any  such  ingredient  as  fat.  Such  circumstances 
render  the  tubs  almost  immovable,  and  increase  indefinitely  the  strain 
upon  the  horses.  Fortunately,  not  only  horses,  but  men  and  engines  have 
to  move  these  tabs,  so  that  the  evil  is  soon  discovered,  either  by  the 
breakage  of  the  wire  rope  on  the  engine  plane,  or  by  its  requiring  two 
men  to  move  each  tub  on  the  Hat-sheets.  In  four  or  five  days  after  the 
adoption  of  had  grease,  a  stud  of  horses  has  been  so  reduced  in  condition 
as  hardly  to  be  equal  to  work,  each  horse  having  lost  at  least  four  stones 
ia  weight.  The  gravity  of  this  evil  must  he  an  apology  for  referring 
to  it;  certainly  the  loss  of  horse  flesh  has  in  some  cases  amounted  to  a 
depreciation  of  £2  per  bead. 

In  comparing  pit  work  with  other  varieties  of  horse  luljour,  it  must 
be  remembered  that  the  wheels  of  the  tubs  are  very  small,  and  that  the 
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rwils  are  not  so  well  laid  or  so  free  from  grit  or  dirt  as  the  rails  of  wagon- 
ways  at  bank.  When  going,  the  horse  is  nearly  constantly  in  the  collar, 
and  the  pace  is  fully  four  miles  an  hour. 

The  writer  has  inspected  and  inquired  into  the  working  of  studs 
employed  on  tramways  and  railways,  in  omnibuses  and  drays,  and  the 
various  conditions  in  which  wagons  and  carts  are  used.  Time  will  not 
permit  all  these  observations  being  introduced,  but  a  sketch  will  be  given 
of  as  much  as  may  be  necessary  to  give  a  comprehensive  idea  of  the 
amount  of  work  actually  done  by  horses  under  different  circumstances. 

It  is  instruct  ive  to  notice  the  difference  in  the  length  of  time  occupied 
by  various  classes  of  horses  in  performing  their  daily  work.  The  tramway 
horses  of  most  of  our  large  towns  are  at  work  about  three-and-a-half 
hours,  omnibus  horses  seldom  more  than  four  hours.  The  maximum 
distance  they  travel  is  about  fifteen  miles  jkt  day.  Cart  and  van  horses, 
doing  sixteen  miles  a  day,  usually  work  about  eight  hours;  pit  horses 
averaging  twenty  miles,  and  working  twelve  to  eighteen  hours  per 
day. 

To  compare  the  labour  done  by  these  different  horses,  the  stoppages 
must  be  taken  into  account,  as  well  as  the  weight  drawn,  and  the  pace. 
Frequent  stopping  and  starting  with  heavy  loads  adds  very  considerably 
to  the  amount  <»l  wm'k  dmie,  and  is  must  trying  to  the  muscular  system 
of  the  animal. 

According  to  un  article  in  the  Timw  of  December  10th,  1868,  the 
horses  of  Lhe  London  Omnibus  Company  averaged  a  little  over  twelve 
miles  per  day,  their  duration  of  service  was  four  years,  and  the  invalid  and 
spam  amounted  to  seven  per  cent.  These  statements  may  be  considered 
indicative  of  good  management. 

The  omnibus  horses  of  Paris,  in  1*73,  worked  four  hours  per  day  on 
the  following  allowance  of  food: — Hay,  9  lbs.;  oats,  1'0  lbs.;  beanfi,  \\  lbs. — 
certainly  in  t Wis  country  extravagant  feeding.  The  average  distance 
travelled  was  about  fifteen  miles.  The  streets  are  very  level,  the  horses  in 
very  good  condition,  but  the  pace  was  only  about  half  that  of  the  Edinburgh 
tramway  horses. 

The  Liverpool  omnibus  and  tramway  horses  travel  over  fifteen  miles, 
and  are  at  work  three  hottrs,  Exclusive  of  stoppages  the  pace  is  alx>nt  six 
miles  an  hour.  In  Edinburgh  the  tramway  horses  travel  over  sixteen  miles 
a  day  and  are  at  work  three  hours.  The  pace  is  too  fast,  ami  part  of  the 
road  is  an  incline  which  is  a  very  heavy  pull,  although  an  extra  pair  of 
horses  are  employed  to  assist  each  tram-car  over  it.  The  effects  of  the 
pace,  distance,  and  gradient  arc  noticeable  in  the  condition  of  the  horses, 
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which,  however,  are  fed  almost  exclusively  HQ  oats,  and  are  therefore  act 
on  a  level  footing  with  most  of  the  others  mentioned,  which  are  allowed  a 
proportion  of  beans. 

At  a  meeting  of  the  British  Association,  held  in  Dublin,  it  was  stated 
that  Pickford  and  Co.,  the  great  carriers,  found  they  could  not  work  their 
horses  more  than  ten  miles  a  tlay  with  economy.  Mr*  Bianconi,  the  well- 
knuwu  foQuder  of  the  car  system  in  Ireland,  whose  exiK*rienee  has  been 
gathered  froui  the  working  and  management  of  900  horses,  which  daily 
draw  67  conveyances  a  distance  of  no  less  than  4/244  miles,  stated  that, 
as  the  result  of  forty-three  years*  experience,  he  had  found  that  he  could 
better  work  a  horse  eight  miles  a  day  for  six  days  in  the  week  than  six 
miles  a  day  for  seven  days.  By  the  one  day's  rest  per  week  lie  effected  u 
**aving  of  12  per  cent. 

The  writer's  own  experience  leads  him  to  think  that  Mr.  Bianconi  lias 
understated  the  working  power  of  horses,  but  no  one  can  be  in  a 
position  to  estimate  the  value  of  his  assertion  till  his  method  of  feeding 
and  the  cireuin>t;on  <  -  affecting  the  working  of  the  horses  are  known,  but 
fourteen  miles  would  seern  more  reasonable  as  an  average  day's  work  for  a 
horse;  certainly  there  can  tie  no  work  above  ground  at  which  this  distance 
cunld  be  called  excessive* 

There  is  another  point  to  which  attention  should  be  called,  viz*,  that 
it  is  the  latter  portion  of  a  journey  which  tells  most  upon  a  horse.  The 
last  half  of  a  ten  mile  stage  is  far  the  most  exhausting,  and  therefore  when 
it  is  possible  to  divide  the  daily  work  into  two  portions,  separated  by  a  long 
interval  of  rest,  an  economy  is  effected.  Some  have  found  by  experience 
that  it  paid  better,  in  horsing  a  stage-coach,  to  i  nn  the  horses  six  mile  stages 
at  twelve  miles  an  honr  twice  a  day,  than  ten  mile  stages  at  ten  miles  an 
hour.  This  was  an  unexpected  discovery,  due  to  opposition  making  a  fast 
pace  indispensable,  and  the  short  stages  were  adopted  to  try  and  modify 
evil  effects.  These  horses  were  fed  on  white  peas,  bran,  and  hay.  Of 
arse  this  arrangement  only  holds  good  with  horses  doing  fast  work. 
To  sum  up  the  deductions  to  be  gathered  from  these  facts,  it  may  be 
remarked  that  more  horses  are  under-led  than  under- worked.  That  pit 
horses  are  usually  over- worked*  That  the  economir  regulation  of  food 
and  work  is  a  subject  requiring  more  attention  than  it  usually  receives, 
and  that  when  these  matters  are  properly  attended  to,  the  cost  of  a  horse 
establishment  is  brought  to  its  very  lowest  point — to  a  point  much  below 
what  is  usually  thought  necessary. 

Over  or  Undet -horsing. — Just  as  the  over  or  under- working  of  one 
horse  is  false  economy,  so  the  under  or  over-horsing  of  an  establishment 
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is  attended  with  unnecessary  expense.  If -over-horsed,  the  extravagance 
is  self-evident;  but  it  is  by  no  means  generally  understood  at  what  point 
an  establishment  is  properly  horsed.  Of  course  it  can  safely  be  said  it  U 
not  bo  when  a  full  allowance  of  good  food  is  given  and  the  horses  lose 
condition;  but  there  are  many  cases  where,  to  all  appearances,  horses  are 
overworked  when  really  they  are  not  doing  the  amount  of  labour  they  are 
capable  of  if  only  properly  fed.  Before,  then,  it  can  be  concluded  that  an 
establishment  is  under-horsed  because  the  horses  are  unequal  to  their 
work,  it  must  be  proved  that  the  food  is  sufficiently  nitrogenous  to  fully 
meet  the  waste  of  their  systems.  Given  that  the  food  allowance  U 
unobjectionable,  the  horsing  of  an  estabhsluncnt  may  be  judged  very 
fairly  by  the  condition  of  the  horses,  because  when  once  the  daily 
maximum  amount  of  work  ft  horse  is  capable  of  doing  is  exceeded,  loss  of 
condition  follows  inevitably,  and  loss  of  condition  is  equivalent  to  loss  of 
money.  When  a  pit  is  properly  horsed  the  animals  are  kept  in  condition 
by  good  economic  1 1  lijedinu,  and  they  do  their  work  not  only  with  ease 
and  comfort  but  without  the  loss  from  disease,  injury,  and  death  which 
surely  accompanies  the  excessive  work  due  to  under-horsing.  Death 
causes  I  loss  appreciable  to  anyone*  but  disease  and  injury  sometimes 
cause  even  greater  loss  because  these  animals  still  reuuire  food  and 
attention  without  yielding  any  return  of  work. 

Under-horsed  establishments  always  show  ft  high  annual  cost  for  food. 
They  always  have  a  number  of  incapable,  and  therefore  expensive, 
animals  on  the  place,  and  the  average  duration  of  service  is  much  shorter 
than  on  those  establishments  where  the  work  is  fairly  proportioned  to  the 
number  of  animals  kept. 

It  cannot  be  too  often  repeated  that  a  horse  is  only  capable  of  g 
certain  amount  of  labour.  No  amount  of  extra  food  can  exact  work 
beyond  tins  point,  because  the  nervous  depression  caused  by  exhaustion 
so  affects  the  functions  of  the  Ixxly  that  the  food  is  not  assimilated  and 
the  waste  of  tissue  is  in  excess  of  the  reparative  powers.  If  overmen 
would  but  remember  this  they  would  prevent  much  cruelty,  tronble,  and 
loss. 

Nothing  can  be  more  certain  than  that  if  a  horse  is  over- worked  for  a 
week,  his  powers  will  be  so  reduced  that  ft  more  thau  equivalent  loss  of 
work  is  experienced  next  week,  On  this  subject  Mr.  Wight  says  in  his 
paper  :— 

What  more  than  anything  elae  reduce*  the  length  of  life  of  horses  is  the  want  of 
proper  attention  by  the  officials  and  the  reckless  way  in  which  they  are  worked.  The 
custom  of  working  horses  extra  shift*  \s  a  way  of  quietly  murdering  them.   Extra  shifts 
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mnnot  be  worked  wit  hoot  jfreot  injury,  ami  they  nhotild  never  be  ari^tcd  except  in  e**e* 
of  emergency,  vet  it  hw  become  ft  tabit  to  t\n  so  in  in&ur  collieries ;  however,  to  my 
nothing  of  the  inhumanity  of  the  practice,  it.  dims  not  nay.  An  e\tra  horse  landing 
idle  in  the  ntAble  would  jwy  the  colliery  owner  much  tetter  than  allowing  a  Mingle 
Korw  to  be  worked  overtime  systematically. 

The  writers  first  introduction  to  nearly  every  colliery  with  which  he  ia 
connected  has  been  brought  about  by  an  excessive  loss  in  the  horse  estab- 
lishment— a  loss  of  horse  flesh  and  of  work.  In  every  case  the  caase  of 
this  has  been  either  under-feeding  or  nnder-horsing.  and  the  balance  has 
not  been  restored  by  the  most  careful  attention  till  hundreds  of  pounds  have 
been  lost.  The  reduction  of  the  out-put  of  coal  has  frequently  been 
enormous,  and  the  loss  from  this  cause  alone  was  more  than  twenty  times 
the  cost  of  the  additional  horae-power  or  food  requisite  to  have  prevented  it. 

In  practice,  the  writer's  frequently  expressed  desire  for  a  full  comple- 
ment of  horses  on  an  establishment  has  earned  for  him  the  character  of 
over-horsing  the  pits  at  which  he  attended.  This  character,  however,  is 
only  given  by  men  who  have  no  practical  experience  of  the  results  of 
horse  management.  Not  unfrequently,  too,  has  it  been  stated  that  he 
deliberately  adopted  this  plan  that  he  might  show  a  favourable  ha  Inner 
sheet  of  feeding;  in  other  words,  accused  of  overstocking  the  pits  with 
horses  that  the  amount  of  food  required  might  lie  reduced,  and  thus  show 
a  spurious  economy. 

It  has  often  been  suggested  to  the  writer  that  he  should  give  an  oppor- 
tunity to  those  who  disagree  with  him  respecting  the  management  of  horses 
openly  to  state  their  views,  and  he  has  written  this  paper  in  the  hope  that 
in  the  discussion  all  possible  objections  may  be  urged  against  his  treat- 
ment of  horses,  so  that  he  may  have  an  opportunity  of  answering  them. 
It  is  a  subject  upon  which  much  diversity  of  opinion  must  exist,  ami  the 
writer  hopes  that  the  discussion  may  not  prove  the  least  valuable  portion 
of  this  notice,  and  that  his  views* 'strengthened  as  they  are  by  a  long 
eiperience  obtained  from  the  great  number  of  animals  which  have  been 
under  his  care,  will  be  still  further  confirmed  by  the  observations  of  all 
those  colliery  managers  who  have  given  the  subject  the  consideration  it 
deserves. 

With  respect  to  the  information  given  in  the  Appendix,  it  may  he  as 
well  to  note  that  the  whole  of  the  information  therein  is  taken  from  the 
i  ollicry  books,  and  that  every  figure  has  been  verified  by  the  respective 
officials  of  the  collieries. 

An  examination  of  the  tables  will  show  how  very  much  alike  is  the 
cost  of  each  animal,  when  the  cost  of  the  provender  is  taken  at  the  same 
collieries ;  the  widest  margin  of  difference  being  less  than  Jd.  a  day  per 
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horee ;  and  thin,  although  there  is  a  considerable  variation  of  the  pro* 
portion  of  the  different  kinds  of  grain  at  the  different  rnllierioft,  often 
caused  by  the  hi^h  prices  charged  for  hav  and  oats  off  the  owners'  farms, 
whieh  are  always  higher  than  the  price*  offered  by  merchant*. 

The  Miekley  report  is  especially  deserving  of  attention,  as  it  show* 
that  horses  i^n  be  kept  up  to  Lheir  work  and  in  good  health  where  no  oat» 
have  been  used. 

The  report  irom  Bearpark  i>  ulso  especially  wort h  •  sidcration, 

seeing  that  this  colliery  is  under  the  special  consideration  of  the  President, 
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Six  years  out  of  thy  twelve  years  no  In  use  died  f  rmn  disease;  six  years 
oat  of  the  twelve  years  no  pony  died  from  disease.  Twelve  hordes  tun) 
ponies  are  still  in  the  pit*  thai  have  been  down  from  fifteen  to  eighteen 
years,  and  a  blaek  horse  called  "  Star"  has  ken  nu'iuy*two  years  imder- 
ground, 
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The  President  said,  he  had  much  pleasure  in  proposing  a  vote  of 
thanks  to  Mr.  Htm  ting  for  the  paper.  Although  the  introduction  of 
machinery  during  the  hist  thirty  or  forty  years  had  greatly  lessened  the 
use  of  horses,  the  cost  must  still  he  a  considerable  item  in  the  expenses  at 
most  collieries.  Having  for  twenty  years  been  acquainted  with  Mr. 
Hunting's  system  of  feeding,  which  had  given  him  every  satisfaction,  he 
wag  very  glad  that  it  had  J>eeii  brought  before  the  Institute,  us  it  was  a 
matter  of  very  great  importance  to  colliery  manager*. 

Mr.  T.  J.  Bewick  seconded  the  vote  of  thanks;  and  (he  motion  was 
agreed  to. 

Alderman  Wilson  (Chairman  of  the  Town  Improvement  and  Sanitary 
Committees  of  Newcastle  Corporation)  said  that,  as  he  was  not  a  member 
of  the  Institute,  he  was  only  there  through  the  courtesy  of  a  member  and 
as  he  had  been  invited  to  speak  on  the  subject  he**had  very  much  pleasure 
in  adding  his  testimony  to  the  efficiency  of  the  system  of  feeding  which 
Mr.  Hunting  had  brought  before  them.  It  was  now  about  four  years  since 
Mr,  Hunting'*  system  was  brought  under  hi*  notice ;  aud  as  the  head  of 
a  Committee  of  the  Corporation  of  Newcastle,  having  charge  of  a  large  stud 
of  horses,  he  ( Mr.  Wilson)  considered  it  his  duty  to  bring  Mr.  Hunting's 
system  before  the  Town  Council.  The  Town  Council  authorized  the  Com- 
mittee to  enter  into  an  engagement  with  Mr.  Hunting  to  take  charge  of 
the  entire  stud  of  horses— to  purchase,  sell,  doctor,  and  feed  the  horses 
belonging  to  the  Corporation.  At  that  time  the  keep  of  the  horses  cost 
2ts.  2d.  per  head  per  week,  and  during  the  first  year  of  Mr.  Hunting's 
management  the  cost  was  reduced  to  a  little  over  14s.  per  head  per  week. 
The  result  w?as  so  satisfactory  that  Mr.  Hunting  had  been  continued  in 
charge  of  the  stud*  That  gentleman  had  the  greatest  obstacles  and 
difficulties  to  contend  with  when  he  first  took  charge  of  the  Corporation 
horses,  for  he  met  with  opposition  at  all  points.  Where  there  was  a  large 
number  of  men  employed,  a  change  of  system  was  not  very  palatable; 
aud  perhaps  Mr.  Hunting  bad  more  than  usual  opposition  to  contend 
with ;  but  he  persevered,  and  was  supported  by  the  Committee,  and  the 
result  was  the  Corporation  stud  of  horses  were  now  in  the  best  possible 
condition  ;  and,  as  Mr.  Hunting  stated,  the  saving  amounted  to  £1,300  to 
j£M00  a  year  for  the  stud  of  »ixty  or  seventy  hurses.  He  did  not 
like  to  boast,  but  he  was  told  the  Newcastle  Corporation  horses  would 
favourably  compare  with  any  stud  in  the  country. 

Mr.  T.  W.  Benson  asked  Mr,  Huntings  opinion  as  to  the  economy  of 
using  seed  hay  or  old  land  hay?    So  far  as  his  experience  went,  pit  horses 
used  less  old  land  hay,  and  apparently  kept  in  quite  as  good  condition: 
but  horse  keepers  and  cartmen  generally  spoke  iu  favour  of  seed  hay. 
you  sxxh,-h*l  0 
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Mr.  Hunting  said,  he  was  pleased  that  this  question  had  been  asked. 
He  had  arrived  at  the  conclusion  that  the  beet  old  land  hay  waa  more 
nutritious  than  the  best  seed  hay.  He  knew  that  this  opinion  waa  gene- 
rally opposed  by  many  horse  men,  but  the  only  reason  he  could  arrive  at 
why  they  held  that  opinion  was  that  horses  eat  more  seed  hay.  The 
strongest  evidence  he  could  produce  in  favour  of  his  views  as  to  the 
value  of  old  laud  hay  was  that  of  the  late  Mr.  Cole,  of  Bebside,  Up 
to  the  time  of  the  reading  of  the  author's  paper  on  "  Horse  Feeding," 
before  the  Farmers  Club*  that  gentleman  was  greatly  in  favour  of  seed 
hay  for  pit  horses,  and  instituted  the  following  experiments  for  the  very 
purpose  of  upsetting  the  author's  published  statement,  Mr,  Cole  being 
opposed  to  the  plan  of  feeding  advocated.  For  three  months  he  put  one 
of  his  studs  on  old  land  hay  and  the  usual  quantity  of  corn,  and  another 
stud,  at  another  pit,  ou  seed  hay  and  the  same  quantity  of  corn.  At 
the  end  of  three  months  he  reversed  this  experiment,  putting  those  that 
had  been  eating  seed  hay  on  to  old  land  hay,  and  vie*  versa,  with  the 
Barae  quantity  of  corn  in  each  case.  The  health  and  condition  of  the 
studs  were  exactly  the  same  in  both  cases,  and  the  work  also,  but  in 
each  case  25  per  cent,  more  seed  hay  than  old  land  hay  was  consumed. 
The  great  vaiue  of  this  experiment  was  in  the  fact  that  it  was  adopted 
to  prove  how  erroneous  were  the  author's  statements,  whereas  it  fully 
confirmed  all  that  had  been  stated.  He  advised  the  introduction  of  old 
land  hay  at  some  collieries  in  the  north.  It  was  very  much  objected 
tof  and  a  report  was  sent  to  the  head  viewer  to  the  effect  that,  unless 
some  alteration  was  made,  the  pit  work  would  be  stopped,  because  the 
old  land  hay  was  injuring  the  animals,  for  only  two  tubs  instead  of  three 
of  manure  were  sent  to  bank  daily  since  its  use;  this  of  course  would 
be  accounted  for  in  the  smaller  quantity  of  old  land  hay  taken.  The  con- 
dition of  the  horses  was,  however,  proved  to  have  been  in  noway  affected. 
There  was  no  doubt  that  the  best  old  land  hay  is  more  nutritious  than 
seed  hay,  owing  to  there  being  less  insoluble  matter  in  the  former  than  in 
the  latter ;  but  most  horses  prefer  the  seed  hay,  and  eat  more  of  it. 

Mr.  Lawrence  said,  that  at  some  of  the  breweries  in  Loudon  there 
was  a  similar  process  of  mixed  food  for  horses.  A  friend  of  his,  who  waa 
the  partner  who  had  charge  of  this  department  in  a  brewery,  told  him  that 
great  advantage  was  found  by  putting  maize  into  tubs  and  steeping  it  in 
water  for  twenty-four  hours.  At  the  bottom  of  each  tub  or  cask  was  a 
plug,  and  at  the  end  of  twenty- four  hours  the  plugs  were  drawn  out  and 
the  water  run  off;  aud  after  standing  twelve  hours  longer  in  the  casks,  the 
maize  was  removed  to  granaries  and  watched  until  it  sprouted  to  a  certain 
point ;  and  the  maize  so  treated  was  found  more  nutritious  than  the 
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maize  in  the  form  in  which  it  is  used  here.  At  the  brewery  all  food 
was  cut  and  mixed  before  it  was  given  to  the  horses  j  the  green  food 
was  also  mixed  with  the  rest  of  the  food.  He  remembered  reading  a 
discussion  which  took  place  at  Glasgow  with  respect  to  the  feeding  of 
horses,  in  which  it  was  stated  that  a  certain  proportion  of  locust  beans 
was  mixed  with  the  food  of  the  tramway  horsea. 

Mr.  Hunting  said,  he  knew  there  were  some  people  who  preferred  to 
have  maize  steeped  in  water  before  using  it.  He  believed  it  was  this  plan 
of  using  soaked  maize  which  first  led  him  in  1853  to  reject  it.  The  only 
advantage  which  maize  could  have  in  the  state  of  fermentation  described 
by  Mr,  Lawrence  would  lie  the  converting  its  starchy  matter  into  the  first 
or  second  stage  of  sugar — half-way  on  to  fat.  There  could  be  no  doubt 
that  it  would  be  better  to  use  maize  so  treated  for  the  feeding  of  poultry, 
pigs,  or  cattle,  where  no  muscular  exertion,  or  very  little,  was  required, 
and  where  the  deposition  of  fat  on  animals  was  the  great  object  in  view. 
He  had  the  greatest  possible  objection,  however,  to  the  use  of  boiled 
food  for  horses.  In  Scotland  it  used  to  be  the  custom  to  use  boiled  food 
for  agricultural  horses.  Every  night  a  large  pailful  was  given  to  each 
horse;  and  the  serious  loss  of  animals  which  ensued  from  inflammatory 
affections  of  the  bowels,  was  considered  by  Professor  Gamgee  to  be  alumst 
entirely  due  to  the  use  of  boiled  food.  Those  who  understood  the 
process  of  digestion  could  readily  understand  that  a  horse,  coming  in 
cold  and  shivering,  and  eating  a  large  quantity  of  boiled  food — a  soft, 
pulpy  mass — and  filling  up  its  time  by  eating  hard  uncut  straw  would 
have  a  great  tendency  to  produce  inflammation ;  and  it  was  shown 
that  the  horses  lust  in  Scotland  from  colic  were  200  per  ceut.  more  than 
the  number  lost  in  England.  This  subject  was  investigated,  and  it  was 
found  that  where  the  great  loss  of  horses  occurred,  it  was  due  to  the  use  of 
boiled  food.  No  amount  of  preparation  of  any  ki  nd — chopping  or  bruising, 
beaming  or  boiling — could  add  to  the  nutritive  value  of  food  for  animals. 
The  constituents  were  there.  Preparation  of  the  food  might  cause  the 
more  or  less  free  passage  of  the  indigestible  portions  of  the  food  through 
the  alimentary  canal ;  but  no  process  of  cooking  increased  the  nutritive 
value  of  any  kind  of  food  used  by  animals. 

Mr.  Rich aud  Forster  said,  he  had  had  experience  of  Mr.  Hunting's 
system  in  connection  with  the  feeding  of  horses  at  collieries.  On  looking 
at  the  figures  given  by  him  he  found  that  the  expense  per  horse  at 
the  collieries  he  had  personally  worked  under  this  system  came  to  about 
the  mean  average  given  in  the  paper ;  and  if  the  figures  were  still  further 
considered -with  regard  to  the  number  of  tons  sent  out  of  the  colliery,  it 
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would  be  found  that  there  was  not  only  a  saving  in  the  cost  of  feeding  the 
horses,  but  also  upon  the  cost  per  ton  raised.  He  alluded  to  the  cost  per 
ton,  because  when  this  system  of  feeding  was  discussed  it  was  sometimes 
said  that  more  horses  had  to  be  used  to  do  the  same  amount  of  work. 
That  argument  would  he  met  if  the  calculations  were  based  upon  the  cost 
per  ton  of  output.  Mr.  Hunting's  sole  object  appeared  to  lie  to  alter  the 
mixing  of  food  as  prices  changed,  so  as  to  make  the  feeding,  whilst  most 
economical  for  the  owners*  at  the  same  time  best  for  the  horses,  by  taking 
care  always  to  preserve  in  the  mixture  a  proper  supply  of  nitrogenous  food. 

Mr.  RrcHO.  S.  Johnson  said,  that  in  early  life  he  opposed  Mr.  Hunting, 
but  he  had  since  become  a  thorough  convert  to  his  system .  He  had  reason 
to  thank  him  for  the  great  saving  effected  at  the  collieries  he  had  charge 
of,  not  only  in  connection  with  the  feeding  of  horses  but  also  in  connection 
with  the  case-book.  He  urged  the  managers  of  all  collieries  to  carry  out 
the  recommendations  of  Mr.  Hunting. 

Mr.  W.  F.  Hall  endorsed  the  remarks  made  by  Mr.  Forster  and  Mr. 
Johnson.  Mr,  Hunting's  system  was  brought  under  his  notice  hi  18f»4,  and 
since  that  time  it  had  been  pretty  generally  carried  out.  He  agreed  with 
Mr,  Forster  as  to  stating  the  cost  per  ton;  and  he  had  found  in  his  practice 
that  the  cost  per  ton  was  not  so  great.  The  case-book  was,  he  thought, 
the  only  means  to  keep  evil-doers  from  going  wrong;  if  it  were  known 
that  the  case-book  came  before  the  manager,  the  driving  of  poor  animals  to 
death  would  be  put  a  stop  to*  Mr,  Hunting  was  very  fair  in  stating  his 
case;  he  did  not  favour  any  one.  At  Ryhope  there  were  a  large  number 
of  horses  heavily  worked;  it  was  perhaps  what  was  called  a  warm  pit,  and 
horses  took  much  more  harm  in  warm  than  in  cold  pits;  but  the  horses 
at  Ryhope  would  compare  favourably  with  horses  in  any  coal  -pit  1  in 
Northumberland  or  Durham  doing  similar  work,  both  in  regard  to 
condition  and  duration  uf  efficiency,  as  well  as  economy  of  feeding. 

Mr.  T.  W.  Beksok  asked  Mr.  Hunting  whether  he  considered  it  any 
advantage  to  give  horses  the  sweet-smelling  condiments,  which  one  was  so 
often  asked  by  agents  and  travellers  to  purchase.  His  own  reply  to  such 
applications  generally  was  to  the  effect  that  a  horse  in  good  condition 
ought  not  to  want  such  compounds. 

Mr.  William  Boyd  said,  that  many  gentlemen  might  have  seen  in  the 
Times  during  the  last  two  or  three  months  accounts  of  the  mode  of  treating 
green  food  in  what,  were  called  *  silos."  The  green  food  was  cut  in  the  usual 
way  in  the  field,  and  then  chopped  up  small  and  put  at  once  into  pits  or 
ik silos/"  which  were  pits  bricked  out  and  lined  with  cement.  The  material 
was  heavily  pressed  down  with  stone  flag*  on  the  bop.    The  hay  and  clover 
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were  put  into  these  pits  irrespective  of  weather,  climate,  or  condition. 
It  was  stated  that  on  the  pit  being  opened  there  was  a  certain  depre- 
ciation in  the  upper  layers  for  a  very  smalt  distance  down,  and  that  the 
remaiuder  of  the  contents  of  the  pit  formed  a  green  food  equal  in 
nutritious  value  to  the  material  when  it  first  c  nine  off  the  (and.  This 
system  was  quite  new,  and  had  not,  he  believed,  jet  been  tried  in  the 
North  of  England.  The  food  thus  produced  was  called  "msttagtJ* 
Mr.  Hunting,  in  reply  to  Mr,  Benson's  question,  said  that,  with  re- 
t  to  condiments  or  spice  food,  there  was  a  *J  paper  war"  carried  on  for 
re  or  six  weeks  between  himself  and  Messrs.  Blnndell  and  Sjiencc  and 
Mr.  Thorley,  shortly  after  he  read  a  paper,  twenty-five  or  twenty-six  years 
ago.  Condiments  were  never  nutritious,  but  were  beneficial  only  to  animals 
out  of  health;  just  as  a  man,  when  he  was  Altering  and  cold,  took  a  glass 
of  hot  stimulant,  which  in  a  short  time  would  warm  him.  To  give  animals 
condiments  or  spiced  food,  with  a  view  to  improve  their  condition,  was 
simply  to  throw  money  away.  Probably  Mr.  Laws,  of  Roehampstead, 
had  given  most  attention  to  this  subject,  and,  alh  i  experimenting  on  hun- 
dreds of  animals,  had  come  to  the  conclusion  that  he  would  be  a  great 
loser  by  using  condiments,  even  if  given  to  him.  All  the  greatest 
physicians  had  come  round  to  the  old  dietetic  system  recommended  by 
hydropathists.  He  was  not  a  hydropathist,  but  he  kne  w  that  nineteen- 
twentieths  of  the  success  of  hydropathic  treatment  consisted  in  the  adoption 
of  absolutely  perfect  dietetic  arrangements,  only  such  food  as  the  system 
required  being  permitted.  1  f  animals  are  constantly  given  either  vegetable 
or  mineral  tonics  or  stimulants  with  their  food,  they  become  not  only 
nseless  but  ill.  All  healthy  animals  take  as  much  food  as  they  require 
and  their  systems  can  assimilate;  and  the  food  not  assimilated  has  to  be 
carried  out  at  the  expense  of  the  lungs,  the  liver,  or  kidneys  ;  the  loss  was 
threefold : — First,  in  paying  for  the  food;  second,  in  causing  the  animal  to 
eat  more  than  it  could  assimilate  ;  and  third,  the  waste  of  tissues  in  carry- 
ing off  the  food  taken  in  by  the  animal,  which  was  not  required.  In  reply  to 
Mr.  Boyd's  question  he  ssiid  <  n*ilage  had  been  used  very  largely  by  some 
Frenchmen }  and  also  in  the  United  States  of  America.  He  had  accounts 
sent  to  hira  from  America  by  men  whom  he  knew  to  be  able  and  trustworthy 
agriculturists,  and  they  said  ensilage  was  something  very  marvellous.  Green 
food  of  all  kinds,  in  a  green  state,  was  put  into  receptacles  or  pits,  and  was 
10  pressed  down  as  to  exclude  the  air,  and  consequently  prevent  fermen- 
tation ;  and  it  was  said  that  when  taken  out  of  the  pit  it  came  up  to  the 
analysis  of  all  the  nutritive  juices  of  the  gras*  as  when  put  in,  and  (hat 
they  were  able  to  keep  something  like  25  per  cent,  more  horses  and  cattle 
ujiou  a  quantity  of  ensilage  brought  out  of  the  pits  in  winter  than  tin  > 


would  upon  the  same  quantity  dried  in  the  field  and  stacked  in  the  usual 
way.  By  another  year  he  hoped  to  make  an  experiment  with  it  himself; 
he  intended  to  make  <\  pit  and  test  the  matter.  There  could  be  no 
question  whatever  that  there  were  great  losses  in  using  all  kinds  of  grasses 
and  cereals  as  dried  food  ns  against  food  when  in  the  growing  condition 
and  when  maturing  into  Reed.  If  grass  was  cut  three  or  fcur  days  before 
it  flowered  in  full  it  w<  uM  contain  :it  least  25  per  cent,  less  woody  fibre 
than  when  ripe,  and  if  allowed  to  stand  until  dead  ripe,  it  would  contain 
50  per  cent,  more  than  when  cut  early.  If  cut  soon,  they  got  a  material 
that  contained  largely  the  constituents  which  formed  blood;  but  those 
constituents  when  formed  into  woody  fibre,  were  useless  as  jood,  and 
were  passed  through  the  alimentary  canal  as  refuse. 

The  discussion  was  adjourned. 


The  discussion  on  4<  The  Description  of  a  New  Ventilating  fiui/*  by 
Mr.  T.  .J,  Bowlkek,  and  the  M  Report  of  the  Committee  on  Mechanical 
Ventilators,"  was  resumed, 

Mr.  T.  J.  Bowlkkk — At  the  first  discussion  on  the  subject  Mr. 
M orison  was  understood  to  say  that  there  was  no  friction  in  the  Gaibal 
fan  because  there  was  a  partial  vacuum  inside,  but  at  the  next  meeting 
this  was  slightly  extended,  and  it  appeared  that  the  reason  there 
was  uo  friction  was,  that  each  particle  of  air  gut  continually  into  a 
region  of  lower  pressure  as  it  weut  ruund  the  fan.  Let  it  be  sup|K«ed 
then  l hat  air,  under  either  or  both  of  these  conditions,  really  is  free 
from  friction,  the  inevitable  conclusion  must  be  that  the  air  traverse* 
a  mine  without  friction,  for  it  certainly  satisfies  both  of  these  con- 
ditions; since,  if  a  pij»e  be  put  down  from  the  surface  to  any  part  of 
the  mine  a  partial  vacuum  would  be  found  whieh  would  gradually 
increase  as  the  upcast  shaft  was  approached,  so  that  the  air  as  it  went 
along  would  be  continually  getting  into  a  region  of  leas  pressure,  just 
as  the  air  inside  the  (iuibal  casing  does,  so  that  if  Mr.  M  orison's 
theory  were  true  it  would  have  to  oe  admitted  that  there  was  also 
no  friction  of  the  air  in  the  mine,  Mr.  Morison  went  on  to  say  that 
having  two  or  more  outlets  instead  of  one  would  cams  the  fon  to 
lose  the  j^otential  energy  saved  in  the  Guibal  from  the  tangential  force; 
to  this  it  may  t>c  alleged  that  it  is  only  necessary  to  point  to  the  facta  of 
the  case,  for  the  water-gauge  shows  conclusively  that  the  three-outlet 
fan  save*  more  of  the  tangential  energy  than  the  Huikd.  If  then? 
were  an  outlet  at  every  foot  of  the  circumference,  as  Mr.  Morison 
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suggested,  still  more  of  the  tangential  energy  would  be  saved,  but  not 
enough  to  pay  for  the  expense  of  having  say  30  outlets  instead  of 
three,  Mr.  Bteavensou  furnished  a  translation  uf  a  portion  of  a  paper 
by  MM.  Pernolet  and  Aguillon,  which,  however,  as  it  did  not  seem  to  bear 
on  the  particular  phase  of  the  matter  under  discussion  need  not  be  further 
noticed.  Mr.  Cochrane,  in  his  remarks  at  the  last  discussion,  con- 
sidered that  the  comparison  between  the  8  feet  6  inches  Bowlker 
and  Watson  fan  and  the  45  feet  Guibal  fan  was  unfair,  and  this  he  went 
F* 

on  to  say  was  owing  to^  ,or  the  square  of  the  volume  of  air  divided  by 

the  water-gauge,  being  so  much  smaller  in  the  ventilation  with  the  8  feet 
6  inches  fan,  than  in  the  ventilation  with  the  Guibal;  from  which  remarks 
it  must  of  course  be  inferred  that  the  Guibal  fan  will  give  worse  results 
as  the  square  of  the  volume  increases,  that  is  as  the  volume  of  the  air 
dealt  with  increases  so  long  as  the  water-gauge  remains  the  same.  This 
seems  to  be  an  admission  in  no  way  calculated  fo  add  to  the  repu- 
tation of  the  Guibal  as  a  ventilator  adapted  for  dealing  with  large 
quantities  of  air;  for  it  appears  that  if  with  a  Guibal  getting  30,000 
cubic  feet  of  air  at  a  given  water-gauge  a  certain  useful  effect  is  obtained, 
a  poorer  percentage  of  useful  effect  may  be  expected  when  a  Guibal  gets 
150,000  cubic  feet  of  air  per  minute  with  the  same  water-gauge.  This  is 
a  defect  in  the  Guibal  which  it  must  be  confessed  had  not  been  brought 
before  his  notice  before,  After  having  learned  that  the  Guibal  gives  its 
F1 

best  results  when  ^  is  small,  one  is  rather  astonished  to  have  as  an 

example  of  a  Guibal  with  a  large  useful  effect  a  fan  alluded  to  in  which 
F* 

^  i«  enormously  large,  very  much  larger  than  in  the  experiment  with  the 
F1 

Rockingham  fan,  where  ^  was  considered  too  large.    There  is  some 
7* 

mystery  about  this  ^  which  it  is  difficult  to  understand,  and  it  is  quite 
F1 

certain  that  ^  affects  the  Bowlker  and  Watson  fan  in  a  very  different 

F*.  .  « 

manner,  for  with  it  as  ^  is  increased  the  useful  effect  is  increased 

also,  Mr,  Cochrane's  observation  is  so  far  right  that  the  com- 
parison between  the  45  feet  Guibal  and  the  8  feet  li  inches  Bowlker 
and  Watson  fan  was  unfair,  and  unfair  to  the  latter  fan.  Mr,  Cochrane 
also  says  that  the  exj>erimentfi  in  his  (Mr,  Bowlkers)  paper  do 
not  show  any  advantage  of  this  fan  over  the  Guibal,  but  to  this 
he  demurred.    The  useful  effect  of  the  Rockingham  Guibal  is  stated  in 
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the  paper  to  be  from  40  to  50  per  cent.  The  experiment  with  the  Gnibal 
which  gave  57  per  cent,  of  useful  effect  was  an  experiment  under  entirely 
artificial  conditions,  the  separation  doors  being  opened,  and  therefore,  it 
wonld  be  unfair  to  compare  the  useful  effect  obtained  in  such  a  case  with 
that  obtained  in  the  experiments  with  the  8  feet  C  inches  fan  which  were 
under  the  normal  conditions  of  ventilation.  The  nther  experiment  which 
Mr.  Cochrane  referred  to  and  asked  why  it  was  not  taken  was  also 
under  artificial  conditions  and  did  not  give  such  a  good  useful  effect. 
There  is  something  else  in  the  Guibal,  which  is  considered  one  of  its  great 
advantages,  and  that  is  the  shutter,  and  this,  too,  sevins  to  be  somewhat 
mysterious  in  its  action.  This  is  sometimes  referred  to,  almost  as  if  it 
were  some  source  of  power  to  help  the  fan  when  it  got  into  difficulties.  He 
confessed  that  he  understood  very  little  about  the  benefits  of  the  shutter; 
but  so  far  as  Ins  experience  went,  it  seemed  to  act  the  part  of  scapegoat 
to  all  the  shortcomings  of  the  Guibal  fan;  it  always  seems,  unfortunately, 
to  be  in  the  wrong  place,  and,  therefore,  a  fan  in  which  it  was  dispensed 
with  would  probably  be  desirable.  This,  however,  is  certain,  that  the 
shutter  will  not  prevent  any  of  that  great  loss  occasioned  by  the  air 
friction  in  the  casing;  indeed  lowering  the  shutter  down,  as  it  increases 
the  rubbing  surface,  will  increase  that  friction  slightly,  therefore  all  it  can 
do,  if  it  docs  anything,  will  be  to  prevent  loss  through  re-entry,  and  so 
on.  The  varied  proportion  of  the  useful  effect  of  the  Guibal  fan,  supposing 
the  shutter  to  act  perfectly,  to  the  power  used  might  be  illustrated  by  the 
following  diagram  : — Let  a  b  represent  the  jjower  spent  on  ventilation  and 
air  friction  when  the  utmost  useful  effect  c  b  was  obtained,  and  let  c  ¥  in 
a  curve  representing  the  varied  effect  from  c  b  where  4,000  feet  per 
revolution  pass  to  b°  where  no  air  passes,  in  which  latter  case  the  whole  of 
the  power  used  a°b"  will  be  thrown  away,  and  at  any  other  position  a' a* 
the  relation  of  the  total  power  to  the  useful  effect  will  be  as  a  b*  to  4  b\ 
and  a"  b*  to  r*  b*  respectively  \  from  which  diagram  it  is  evident  that  the 
Guibal  is,  in  spite  of  the  shutter,  ill  adapted  for  varying  conditions  of 
ventilation. 


a?  a*  a0 
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Mr.  Cochrane  admits  the  fact  of  there  being  friction  in  the  Guibal  casing, 
but  considers  it  probable  that  he  (Mr.  Bowlker)  had  made  a  mistake  in  the 
co-efficient;  this  is  quite  likely,  although  every  care  to  prevent  mistakes  was 
taken;  bnt  as  all  previous  experimenters  have  obtained  higher  co-efficients 
(that  of  Peelet  being  about  ten  times  as  great),  it  is  rather  likely  that  if 
there  be  a  mistake,  the  co-efficient,  as  given  in  the  paper,  is  too  small  rather 
than  too  large.  But  the  members  of  this  Institute  are  not  asked  to  believe 
in  any  experiments  except  their  own,  and  he  (Mr.  Bowlker)  would  only 
be  too  glad  if  the  members  would  make  their  own  experiments  to  test 
the  results  given ;  for  although  it  may  be  a  matter  of  perfect  indifference 
U>  roost  whet-luT  rhi*  co-efficient  is  right  or  wrong  so  far  us  it  affected  his 
theory  as  to  the  friction  of  air  in  fans,  yet  surely  it  is  desirable  for  other 
reaaons  to  ascertain  the  true  value  of  the  co-efficient  of  friction  of  air 
against  brick-work,  Mi\  Bowlker  concluded  by  stating  that  Mr. 
Cochrane  wished  an  experiment  had  been  tried  with  this  fan  at  the  same 
periphery  speed  as  in  the  experiment  with  the  Rockingham  Guibal,  when 
the  Guibal  gave  87  per  cent,  of  useful  effect.  He  would  see  that  this  had 
been  done  by  Mr,  Lindsay,  and  this  fan  has  been  found  to  give  50  per 
cent,  at  that  low  speed  j  and  he  was  much  obliged  to  Mr,  Daglish  for  his 
kindness  for  having  had  this  fan  experimented  on  in  the  same  way  as  the 
other  types  of  fan  had  been  by  the  Committee. 

Mr,  D.  P.  Morison  said  that,  after  such  a  long  dissertation  against  the 
Guibal  fan,  he  felt  it  somewhat  difficult  to  make  a  suitable  answer, 
without  time  for  careful  analysis  of  the  numerous  points  raised.  The 
concluding  portion  of  Mr.  Bowlker*s  remarks  was  the  most  practical, 
where  he  urged  that  some  experiments  should  be  made  with  the  fan,  and 
compared  with  the  results  obtained  from  a  Guibal  fan  of  similar  size,  ami 
as  far  as  possible,  under  the  same  o  mditions.  He  ( Mr.  M  orison)  was  sure, 
if  such  a  comparison  were  made,  very  probably  the  result  of  the  Guibal  fan 
would  be  found  to  maintain  its  usual  prominent  position,  and  Mr.  Bowlker's 
would  perhaps  not  be  very  far  off.  It  was  impossible  to  answer  seriatim 
the  remarks  and  figures  of  Mr.  Bowlker  but  he  would  take  two  or  three 
of  them.  It  occurred  to  him  that  Mr.  Bowlker  had  not  drawn  the  diagram 
showing  the  loss  of  power  due  to  friction  in  the  casing  us  he  should 
have  drawn  it.  The  diagram,  as  drawn,  would  actually  represent  the 
power  expended  on  the  volume  of  air  itself  and  not  that  on  the  friction. 
Until  the  diagram  was  properly  put  before  the  Institute  he  could  scarcely 
understand  it. 

Mr,  Bow lk Hit  said,  that  a  h  on  the  diagram  represented  the  propor- 
tionate total  power  exjwnded  for  any  given  useful  effect  e  b  i  the  space  at 
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at  the  top  represented  the  proportion  of  the  power  spent  in  friction  of  the 
air,  compared  with  the  space  c  b  at  the  bottom,  representing  the  nsefu 
effect  or  power  spent  on  ventilation  ;  that  a'  i!  represented  the  proportion 
lost  in  friction  when  c'  V  represented  the  useful  effect;  and  that  ft  f  was 
the  friction  due  to  c"  h\  and  so  on  till  no  useful  effect  was  obtained, 
when  o°  b°,  the  power  exerted  in  using  the  fan,  was  all  thrown  away,  as 
no  air  was  passed. 

Mr,  Morison  said,  that  from  the  diagram  it  might  be  understood 
that  the  G  tribal  expended  as  much  power  in  passing  no  air  at  all  as 
it  did  in  passing  4,000  feet  per  minute.  Further,  with  regard  to  the 
shutter,  it  whs  of  so  mnch  importance  that,  under  certain  conditions,  it 
would  make  a  difference  of  5U  per  ceuL  in  the  volome  of  air  dischargee 
by  the  fan.  When  the  shutter  was  too  far  open  there  was  sometimes  a  re- 
entry, due  to  too  much  area  of  outlet;  and  when  the  shatter  was  too  far 

F1 

down,  there  was  throttling.    As  to  Mr.  Cochrane**  remarks  on  ^  ,  Mr 

Bowlker  had  exactly  reversed  their  meaning.  The  larger  F1  is  in  propor- 
tion to  A,  the  better  is  the  result  by  the  G  tribal  and  by  any  other  system. 
Wherever  V1  is  large  and  h  is  small,  either  the  Guibal  or  Bowlker,  or  anv 
other  fan,  would  give  the  best  results,  Mr.  Bowlker  did  not  utilize  the 
tangential  velocity;  the  tangential  velocity  eon  Id  not  be  restored  in  his 
syBtem  by  the  increase  of  depression  or  water-gauge  produced  up  to  the 
point  of  discharge.  He  thought  any  comparison  of  the  friction  of  the 
air  in  the  mine  itself,  as  compared  with  imaginary  friction  in  the  rising 
was  erroneous,  and  would  hardly  be  borne  out  in  either  the  Gtribul  or 
any  other  system. 

Mr.  J,  A.  G,  Ross  said,  that  so  far  us  his  experiments  had  shown 
the  greater  velocity  any  fluid  had  in  passing  through  jussages  the  greater 
was  the  friction,  and  that  to  in  a  very  much  greater  ratio  than  simply  tha 
due  to  the  proportionate  velocity,  and  therefore  he  thought  that  the  diagram 
was  wrong,  as  ii  seemed  to  indicale  that  when  small  ijtiuutities  of  air 
passed,  which  of  course  meant  less  velocity,  the  greater  was  i  he  arnoun 
absorbed. 

Mr*  Bow  j.k  ku  was  afraid  Mr.  Ross  scarcely  understood  what,  the  dt 
was  intended  to  show,  and,  therefore,  the  conclusions  draw n  from  it 
his  experiments  hardly  bore  on  the  point  at  issue.    In  the  Guilnri 
going  round  at  a  certain  speed,  the  friction  of  the  air  against  the 
would,  as  long  as  it  went  at  that  speed,  lie  the  same  whatever  the  q 
of  air  was  j^ing  through  the  fan.    If  the  fan  was  dischargi 
little  air  n\u\  doing  very   little  work   in   \eruilating  the  mine. 
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friction  of  the  air  would  occupy  a  very  much  larger  percentage  of  the 
whole  work  done.  When  the  fan  was  entirely  closed  and  discharging  no 
air  at  all,  all  the  work  would  be  represented  by  the  vertical  line  a?  b°  at 
the  end  of  the  diagram,  which  occupied  the  whole  of  the  space.  He  was 
glad  to  learn  from  Mr.  Morison  that  the  Guibal  was  no  exception 

V1 

to  the  ordinary  fan,  and  that  as  increased,  the  Guibal  fen  con- 
tinued to  give  better  results.  That  was  not  what  Mr.  Cochrane  said, 
comparing  the  8-feet  6-inches  fen  and  the  45-feet  Guibal  fan.  Mr.  Morison 
said  that  his  (Mr.  Bowlker's)  fan  did  not  utilize  any  of  the  tangential 
velocity  at  all;  and  he  would  like  to  ask  Mr.  Morison  how  it  was  that  it 
gave  such  a  high  water-gauge?  It  was  quite  impossible,  on  mathe- 
matical principles,  to  get  a  water-gauge  equal  to  this  fan  if  there  was  no 
tangential  velocity  utilized.  In  this  fan  there  was  as  much  of  the  tan- 
gential velocity  utilized  as  in  the  Guibal  fan. 
The  discussion  then  closed. 


The  following  "  Remarks  by  M.  Er.  Mallard  on  Mr.  Lindsay  Wood's 
Experiments  showing  the  Pressure  of  Gas  in  the  solid  Coal,"  translated  by 
Mr.  M.  Walton  Brown,  were  taken  as  read  : — 


FHKHirtURfcl  UF  WAS  IK  THK  SOLID  COAL. 


REMARKS  ON  MR.  LINDSAY  WOOD'S  "EXPERIMENTS 
SHOWING  THE  PRESSURE  OP  GAS  IN  THE  SOLID  COAL/1 
BY  MR,  E.  MALLARD/ 


Translated  by  M.  Walton  Brown. 


Mr.  Mallard  gives  an  abstract  of  those  parts  of  Mr,  Lindsay  Wood's 
paper  describing  the  mode  of  making  the  experiments  and  the  results 
obtained  therefrom,  and  remarks  that  Mr.  Wood  has  modestly  confined 
himself  to  drawing  the  attention  of  his  readers  to  the  possibility  of  the 
maximum  pressure  varying  as  the  square  root  of  the  depth  of  the  hole. 
He  then  states  that  he  draws  another  conclusion  from  the  results  of  the 
experiments.  The  following  is  a  translation  of  his  reasons  for  this 
assertion  : — 

Among  the  various  conjectures  that  have  been  made  as  to  the  origin  of 
the  existence  of  gas  in  coal,  the  most  simple  is  to  suppose  that  the  gas  per- 
meates the  coal  in  the  same  way  as  water  permeutes  a  porous  stratum,  and 
that  a  gassy  seam  is  a  gaseous  horizon,  in  the  same  manner  as  a  bed  of  sand- 
stone is  an  aquiferous  horizon.  By  this  hypothesis,  whatever  has  been,  in 
the  beginning,  the  relation  that  has  united  the  formation  of  the  fire-damp 
with  that  of  the  coal,  there  would  be,  between  the  gas  and  the  coal,  an 
independence  as  complete  as  that  which  exists  between  the  water  and  the 
sandstone  of  the  watery  horizon. 

If  this  supposition  be  correct,  the  motion  of  gas  through  coal  must 
follow  the  same  laws  as  those  which  regulate  the  motion  of  water  in  an 
aquiferous  stratum.  But  the  distribution  of  the  pressure  in  the  mass  of 
the  coal,  from  the  open  surface  inwards,  evidently  depends  upon  the  man- 
ner in  which  the  gas  distributes  itself  in  this  mass.  One  would  suppose, 
therefore,  that  the  experiments  made  by  Mr.  Wood  would  allow  the  truth 
or  the  error  of  this  theory  to  be  ascertained* 

Suppose  that  the  coal  exposes  in  a„  an  open 
V  \*  surface  in  contact  with  an  atmosphere,  in  which 

\  A  X*dfl  fire-damp  nas  a  pressure  hot  inferior  to  the 

*  \  \        maximum  pressure  H  of  the  gas  in  the  coal; 

fire-damp  escapes  continuously  by  this  surface, 
and,  at  any  moment,  the  pressure  of  the  gas  in 
the  interior  of  the  coal  increases,  beginning 
from  a*,  from  hQ  to  H. 

•  From  the  Ammlea  ties  Mines.    Series  VIII..  Vol.  I.,  pp.  530-551. 
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It  can  be  assumed  that  the  mass  of  the  coal  is  traversed  by  a  system 
of  surfaces  or  isobars  of  equal  pressure. 

Take  at  sa  an  infinitely  small  surface,  and  produce  from  this  surface 
normal  lines  at  each  point  to  the  isobaric  surfaces  passed  through.  In 
the  kind  of  tube  thus  formed  take  a  piece  contained  between  two 
infinitely  approached  isobaric  surfaces  corresponding  to  pressures  h  and 
h  +  dh.  Let  dr  be  the  distance  between  the  two  surfaces,  *  and  *  +  dt 
the  areas  described  by  the  tube  upon  each  of  them. 

Between  the  sections  s  and  s  +  ds  there  will  be  a  flow  of 
and  this  flow  is  in  the  direction  of  the  section  upon  which  the  least  pressure 
is  exerted,    The  weight  of  gas  which,  in  the  unit  of  time,  flows  in  this 
manner  from  the  surface  s  +  ds  to  the  surface  s,  along  the  pipe  dr,  is 
necessarily  proportional  to  dh. 

This  weight  can  be  represented  by 

asdh, 

a  being  a  co-efficient  which  measures  the  permeability  of  the  coal  to  gas, 
and  which  is  so  much  the  greater  as  the  permeability  is  greater. 

The  weight  of  gas  which  traverses  the  unit  of  distance  in  the  unit 
of  time  is  equal  to 

-f 

It'  k  represents  the  delivery  of  gas  through  the  unit  of  gurftie*, 

A 


h  dt 

sure 
this 
V,  is 


ks  =  as 


dr 


This  is,  in  fact,  the  law  which  has  been  experimentally  found  b 
Darcy  to  represent  the  flow  of  water  filtering  through  a  parous  stratum 

The  How  k  varies  at  every  moment,  but  if  the  phenomenon  at  the  end 
of  a  given  time  be  considered,  the  variations  of  k  with  the  time  are  verj 
small,  and  k  can  be  considered  at  any  instant  as  practically  constant. 

Let  sQ  be  the  area  defined  on  the  surface  S  by  the  orthogonal  tube, 
the  flow  through  the  Burface  sQ  is  kQ  s0>  k0  being  the  flow  per  unit  of  surface 
through  the  surface  S  at  the  point  considered,  then,  on  account  of  the 
approached  permanence  of  the  motim, 

dh 

(1)  Kk  =  as  ~; 


This  differential  equation  discovers,  after  integration,  the  law  w 
at  the  instant  considered,  connects  h  to  r,  that  is  the  law  of  the  distribu* 
tion  of  the  pressure  in  the  mass  of  the  u*«l- 


PRESSURE  OF  GAS  IN  THK  SOLID  GOAL. 


125 


It  may  be  mentioned  that  this  theory  is  exactly  that  which  is  applied 
to  a  mass  having  an  initial  temperature  fft  and  which  is  supposed  to  be 
cooled  by  an  open  surface  plunged  into  an  enclosure  of  the  temperature 
h0.  The  co-efficient  a  will  then  be  the  co-efficient  of  the  conductivity  of 
heat  of  the  mass.   The  quantities  of  heat  represent  the  quantities  of  gas. 

It  may  therefore  be  said,  in  a  general  way,  that  the  distribution  of 
pressure  of  fire-damp  in  the  interior  of  a  mass  of  coal  is  similar  to  that 
of  temperature  in  a  mass  of  the  same  form,  and  submitted  to  such  thermic 
conditions  as  would  be  obtained  by  replacing  the  co-efficient  of  permea- 
bility by  the  coefficient  of  conductibility,  the  pressures  by  the  tempera- 
tures, the  weight  of  gas  discharged  by  the  quantity  of  heat  lost. 

To  apply  this  theory  to  some  case,  suppose  a  seam  of  coal,  contained 
between  two  impermeable  strata,  and  exposed  by  a  face  of  indefinite 
length*  The  isobarie  surfaces  will  be  planes  parallel  to  that  of  the  face; 
then  s  =  &„  and  the  equation  ( 1 )  becomes 

dh  _  K 
dr  m  a9 

f hence  h— ht,  =  -fl  r, 

ft 

K 

and  also  A  w  --  r, 

a 

if  the  atmosphere  in  contact  with  the  face  is  free  from  gas,  and  if,  con- 
sequently, ha  =  o. 

This  shows  that,  in  this  case,  the  pressure  increases  proportionally  to 
the  distance  from  the  surface  of  the  face.  If  0  M  represent  a  line  drawn 
from  the  face  of  the  coal,  perpendicular  to  the  face,  the  pressure  of  the 
fire-damp  corresponding  to  any  point  on  this  line  will  be  represented  by 

the  ordinate  of  a  line  OA,  whose  angular  co-efficient  is        From  the  point 

A,  where  the  ordinate  of  the  line  is  equal  to  the  maximum  pressure  H  of 
the  fire-damp  in  the  coal,  the  pressure  remains  constant,  and  is  represented 
by  a  horizontal  line. 

Mr.  Wood's  experiments  were  not  made  at  the  face  of  a  wide 
working  place,  but  at  that  of  a  winning  drift;  it  is,  therefore,  under 
these  conditions  that  an  endeavour  must  be  made  to  compare  theory  with 
practice. 

In  order  to  avoid  rendering  the  problem  more  complex,  let  it  be 
assumed  that  the  face  of  the  drift,  which  is  comprised  between  the  roof 
and  the  thill,  is  a  circular  semi-cylinder,  whose  axis  is  normal  to  the 
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stratification,  and  whose  radius  is  half  the  width  of  the  gallery.  The 
actnal  face  only  differs  from  this  hypothetical  face  by  the  suppression  of 
two  lateral  prisms  of  coal  of  a  relative  small  volume,  and  whose  presence 
or  absence  can  only  have  a  slight  influence  upon  the  distribution  of  pres- 
sure at  a  certain  distance  from  the  surface. 

Under  these  circumstances,  the  surface  isobars  are  cylinders  concentric 
with  that  of  the  face,  and  the  orthogonal  tubes  are  limited  by  planes 
normal  to  the  stratification,  and  passing  round  the  common  axis  of  the 
cylinders. 

In  the  equation  ( 1 )  the  following  will  then  appear — 

—  -L 

calling  r  the  radius  of  the  cylinder  upon  which  the  pressure  h  is  exerted, 
and  r0  that  of  the  cylinder  which  bounds  the  surface.  The  equation  (1) 
assumes  the  form 

dh 

K  r„  =  ar 

whence  —  =  .  -  dh. 

r        K  r0 

On  integrating,  it  becomes 

a 

nat,  log.  r  =   h  +  t\ 

Suppose  that  the  pressure  of  the  fire-damp  in  the  atmosphere  at 
the  face  is  h,  the  constant  C  may  be  solved  by  making  k0  —  0,  for  r  =  r#, 
which  gives 

r  a 
nar.-  log.  —  =         (A  —  h0it 

In  Mr.  Wood's  experiments  it  may  be  assumed  that  hQ  —  0;  the 
equation  that  these  experiments  should  verify,  if  the  hypothesis  is  exact, 
is  then,  by  transforming  the  log.  nep.  into  common  logarithms, 

The  verification  ran  Ijc  made  in  a  very  simple  way,  by  observing  that 

ir  h     tj  and  x  =  log.  — ,  the  equation  represents  a  line  passing  through. 

r* 

the  vertex. 

Ho  it  understood  that  it  is  only  the  experiments  which  are  made 
niinultanoouftly  in  the  Sam*  mine,  at  points  sufficiently  near  together,  that 
ran  U»  cotn  pared,  for  the  coefficients  k0  and  a  can  vary  greatly  in  different 
a*  well  u*  in  cli  Herein  part*  of  the  same  mine* 
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In  proceeding  with  the  verification  of  the  hypothesis  enunciated 
above,  the  fourth  and  fifth  experiments  at  both  Eppleton  and  Boldon, 
which  were  not  made  under  circumstances  to  which  the  formula  can 
apply,  have  been  eliminated. 


~v        <r  t5   ?   m       '44  'm  i* 

Eppleton  experiments  stltown  ihus  ...Q 
JBoldon.  »       »  q 

Barton  •*  »       »  0 

Elcmore  »  M 

Eetton  „  w       »»  H! 


The  experiments  marked  with  shaded  figures  are  not  included  in  the  calculations. 

The  results  obtained  in  the  experiments  at  Eppleton  and  Harton  seem 
conformable  to  two  straight  lines  passing  through  the  vertex,  and  the 
differences  do  not  appear  to  exceed  those  due  to  slight  errors  of  observation. . 

VOL  XXXIL—ieet  Q 
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Ill  the  Buldon  experiments  tbe  differences  art*  much  greater,  but  these 
experiments  were  the  most  difficult  to  make,  owing  to  the  great  pressures 
to  be  measured;  and  the  pressures  obtained,  especially  the  higher  ones,  do 
not  appear  to  merit  absolute  confidence. 

The  following  Table  gives  in  another  form  the  comparison  of  theory 
with  the  experiments: — 


E  PPL  ETON- 


No  .  of 
Kip. 

D*f,iH>  at 

the  H'  <]v. 

r. 

r 
r 

o 

h. 

h, 



Ft- 

In 

Ft 

In. 

per  *q.  to. 

 — 

pereq,  in. 

1  ♦ 

3 

6 

u 

0 

■2J£> 

54' 75 

00*47 

2 

7 

6 

12 

0 

'425 

101*50 

IOo  -  - 

•4, 

12 

0 

in 

6 

9$| 

31* 

136' 98 

a 
o 

21 

0 

0 

'809 

^ » i 

•5 

25 

e 

30 

0 

HI  | 

125 

197  45 

8 

25 

0 

2"' 

t; 

-816 

221* 

19818 

0  .t. 

37 

0 

11 

0 

223' 

23412 

7 

17 

0 

51 

6 

1<*58 

235* 

25696 

BOLDOH. 

2  ... 

7 

84 

12 

2* 

133 

21*8* 

264*29 

i 

19 

1 

23 

7 

■719 

125- 

43871 

•4  ... 

23 

H 

26 

*J 

•771 

3H1* 

17242 

•5 

28 

0 

32 

1 

856 

176- 

522  47 

3 

32 

u 

36 

6 

Itil' 

S54-62 

HAltTON. 

1 

LG 

2 

20 

8 

662 

197' 

19278 

2 

27 

6 

32 

0 

•851 

231- 

247  82 

3 

37 

3 

11 

9 

*9fi7 

295- 

2*1*61 

KLEMORK. 

1  ... 

7 

0 

U 

■407 

28- 

28* 

HETTON. 

1  U* 

1 

0 

II 

(1 

•477 

\5* 

45' 

It  may  be  observed  that  in  the  same  district  of  the  same  mine  tbe 
increase  of  pressure  in  the  seam  does  not  follow  the  same  law  when  the 
face  is  that  of  a  narrow  exploring  drift  as  when  it  ia  that  of  a  wide 
working  place.  In  the  latter  case,  the  rate  of  the  augmentation  of  pres- 
sure with  the  distance  is  necessarily  less  rapid,  as  the  issue  of  the  fire-damp 
is  much  more  easy*  This  is  the  reason  why  the  fourth  and  fifth  experi- 
ments, at  both  Boldon  and  Eppleton,  have  given  pressures  much  lower 
than  those  that  would  have  been  obtained  if  they  had  been  made  under 
the  same  conditions  at  the  face  of  winning  places, 

•  These  experiments  are  not  included  fa  the  calculations. 


PRESSURE  OF  GAS  IN  THE  SOLID  COAI-. 


1  29 


Mr.  Wood's  experiments  have  verified  the  hypothesis  as  well  as  could 
have  been  hoped-  It  can,  therefore,  he  considered  as  proved  that  fire-damp 
is  contained  in  coal,  like  gas  in  a  porous  material,  and  that  gassy  seams 
are  in  reality  gassy  strata,  comparable  in  every  way  with  watery  strata. 

It  follows  that  the  gas  can  only  he  kept  in  the  coal  by  a  tight  covering 
capable  of  resisting  the  maximum  pressure  H  of  the  fire-damp  in  the  solid 
seam.  This  covering,  in  the  bowels  of  the  earth,  can  only  he  found  in 
the  superposed  rocks.  It  follows  then  that  these  rocks  are  not  porous, 
and  that  they  are  maintained  by  upper  strata  sufficiently  heavy  to  balance 
pressures  of  30  or  40  atmospheres,  or  perhaps  even  much  greater  pressures, 
for  it  cannot  be  said  that  the  maximum  pressure  of  the  fire-damp  in  coal 
seams  has  yet  been  ascertained. 

Many  interesting  suggestions  may  be  made  with  regard  to  the  history 
of  the  formation  of  coal  and  the  coal  measures. 

In  the  first  place  it  would  appear  that  the  eoul  must  have  been  formed 
and  covered  before — and  even  long  before — the  formation  of  the  gas,  since 
the  overlaying  strata  must  at  the  time  have  had  sufficient  thickness  and 
strength  to  have  resisted  its  pressure;  and  if,  as  is  believed,  the  formation 
of  coal,  in  most  cases,  is  due  to  the  burial  of  vegetable  matter,  the  trans- 
formation of  this  matter  into  coal  had  not  taken  place,  or  at  least  the 
change  had  not  been  completed,  until  new  strata  had  accumulated  to  a 
considerable  thickness  above  the  coal  seam. 

Suppose  that  the  burial  of  the  vegetable  matter  took  place  at  a  very 
distant  geological  epoch,  such  as  the  carboniferous  period,  and  during 
which  it  may  be  supposed  that  the  earth  was  much  warmer  than  it  is 
now,  and  that  the  temperature  due  to  the  internal  heat  formed  an 
important  factor  of  the  whole.  At  this  epoch,  when  the  coal  was  over- 
laid by  600  or  800  feet  of  rock,  it  might  attain  a  temperature  as  high, 
or  even  higher,  than  100°  C,  This  temperature  would  be  an  energetic 
agent  in  the  transformation,  but  this  agent  on  the  contrary  would  have 
been  absent  in  the  case  of  combustibles  formed  at  more  recent  periods, 
and  this,  perhaps,  will  explain  the  very  important  deferences  which 
Separate  lignites  from  true  coals.  It  would  also  account  for  lignites 
feeing  usually  free  from  fire-damp. 

When  a  seam  of  coal  is  found  exposed  to  the  air  at  its  outcrop,  the 
fire-damp  expands  into  the  atmosphere,  and  the  issue,  at  first  rapid, 
diminishes  more  and  more  until  it  Incomes  almost  inappreciable.  If  the 
scam  was  homogeneous,  the  fire-damp  won  I.]  Mnaily  disappear  \\\  the  end 
of  a  period  which,  however,  might  be  very  long.  But  the  seam  may  be 
divided  into  distinct  and  separate  divisions  by  faults,  by  *'  nip-outs"  filled 
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with  non-porous  rocks,  etc.;  in  this  case,  one  of  the  divisions  can  be 
drained  without  the  others  losing  their  gas.  Gas  can  thus  be  found  in  a 
seam  which  in  closely  adjacent  places  contained  no  gas  whatever. 

Even  in  the  absence  of  these  kinds  of  gas-tight  walls,  the  distribution 
of  the  fire-damp  in  the  same  seam  of  coal  can  vary  from  one  part  to 
another,  owing  to  variations  of  the  co-efficient  of  permeability  a.  Every 
consideration  points  to  the  conclusion  that  this  co-efficient  is  not  a  fixed 
constant,  or  more  invariable,  than  any  of  the  other  properties  of  coal.  This 
variation  would  cause  the  pressure  to  be  comparatively  highest  in  districts 
where  the  co-efficient  a  is  of  least  value. 

When  the  coal  is  in  contact  with  a  cavity  produced  by  any  rault,  the 
gas  will  accumulate  there  until  it  attains  a  pressure  equal  to  that  it 
possessed  when  in  the  coah 

When  the  coal  is  found  in  contact  with  a  bed  of  porous  sandstone  the 
fire-damp  will  accumulate  in  it  if  the  gas  is  retained  by  an  overlaying 
impermeable  rock,  and  the  sandstone  will  constitute  another  gaseous  zone. 

This  theory  oilers,  therefore,  an  explanation  of  the  different  circum- 
stances and  the  curious  variations  attending  the  presence  of  fire-damp  in 
a  seam. 

It  will  also  explain  the  peculiarities,  not  less  varied,  of  the  issne  of  the 
gas  in  the  workings. 

Suppose  a  long-wall  face  opened  in  a  seam  of  coal;  at  the  end  of  a 
certain  time  the  pressure  of  the  gas  in  the  solid  coal,  behind  the  face,  is 
represented,  at  any  given  point,  by  the  ordinate  of  a  certain  line  AB, 


which  begins  from  zero  at  the  face,  and  has  the  angular  co-efficient 
1 

The  ordinate  of  this  line  is  equal  to  the  maximum  pressure  //,  at  a 

distance  R  from  the  face. 

If  the  face  remains  intact,  the  superficial  escape  of  gas  kc  will  go  on 
gradually  diminishing,  and  at  the  end  of  a  time  /  the  line  A  B  will  lower 
and  take  the  position  ABff  and  at  the  same  time  R  will  be  increased. 

If,  on  the  contrary,  by  working  a  certain  quantity  of  the  coal,  the  face 
is  advanced  till  it  reaches  the  point  A't  a  new  section  of  coal  is  quickly 
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<.'xp>s»':fl,  in  which  the  pressure  of  gas  is  A*b';  the  escape  of  gas  is  made 
for  some  time  in  comparatively  great  quantities,  and  at  the  end  of  a  time  f, 
the  distribution  of  the  pressure  is  marked  by  the  line  Afff.  Such  is  the 
way  in  which  the  gas  usually  issues  during  the  working  of  the  coal  The 
escape  is  therefore,  all  things  being  equal,  greater  the  more  rapid  the  ad- 
vance into  the  solid  coal.  It  would  therefore  be  letter  to  have  extensive 
workings  than  to  rapidly  advance  in  a  small  district  ;  and  for  the  same 
quantity  of  coal  worked,  when  gas  exists  under  the  HUM  conditions,  the 
issue  will  be  more  abundant  in  a  thin  seam  thau  in  a  thick  seam. 

In  order  that  the  dis-engagemcnt  may  proceed  with  the  regularity  sup- 
posed, and  in  order  that  the  issue  of  fire-damp  may  remain  normal,  it 
follows  that  the  coal  mast  possess  a  certain  tenacity. 

If,  at  any  moment  of  the  working,  a  superficial  slice  of  coal,  of  the 
thickness  r,  is  pressed  at  the  inner  side  by  a  pressure  h,  and  on  the  outer 
side  by  the  pressure  of  the  atmosphere  k0,  the  tenacity  of  the  coal 
must  be  able  to  resist  the  pressure  k — k0.    If  r  is  small  and  h — hQ  great, 
which  happens  when  the  workings  arc  driven  rapidly,  or  when  H  is  great 
and  a  little,  h — h0  will  be  great;  if  the  tenacity  of  the  pod  is  small,  it  may 
happen  that  the  slice  of  coal  of  thickness  r  will  be  thrown  off.    The  next 
slice,  situated  behind  that  which  has  been  broken  off,  will  be  found 
pressed  by  a  Btill  greater  difference  of  pressure,  and  it  will  be  detached  in  its 
turn,  and  so  on  after  the  same  manner,   In  a  word,  the  coal  will  truly  ex- 
plode, and  enormous  volumes  of  gas  will  be  suddenly  set  free,  at  the  same 
time  that  corresponding  quantities  of  coal  will  be  reduced  to  powder. 

Such  is  an  explanation  of  the  sudden  outbursts  of  gas  which  have 
become  so  fatally  developed  in  certain  districts  of  Belgium.  This  expla- 
nation has  ben  previously  made  by  M.  Arnould,  and  the  theory  deduced 
from  the  experiments  of  Mr*  Lindsay  Wood  fully  confirms  it. 

In  mines  subject  to  this  description  of  accident  it  would  be  most 
desirable  to  drive  galleries  deeply  into  the  solid  in  advance  of  the  working 
face,  and  to  make  frequent  measurements  of  the  distribution  of  pressure, 
so  as  to  check  the  advance  of  the  workings  when  the  rate  of  the  increase 
«f  pressure  exceeded  a  certain  limit.  This  would  be,  perhaps,  the  most 
certain  means  of  preventing  these  disastrous  accidents. 

Suppose  two  superposed  gassy  scams  separated  by  an  impermeable 
strata.  If  the  upper  seam  is  worked  whilst  the  other  two  are  not,  the 
«mpty  spaces  resulting  from  the  working  of  the  coal  do  not  leave  the 
intervening  strata  sufficient  support  to  enable  it  to  resist  the  pressure  of 
the  gas  in  the  lower  seam.    The  thill  of  the  working  seam  is  therefore 
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raised  and  fractured,  and  gives  vent  to  more  or  less  considerable  quantities 
of  gas.  This  may  be  an  explanation  of  the  sudden  outburst*  from  the 
thill  observed  in  a  largo  number  of  the  English  collieries. 

It  can  also  be  understood  how  these  sadden  outbursts  can  come  out  of 
the  roof  of  the  working  Beam  when  a  gassy  seam  is  situated  above  it, 

Belgian  miners  (says  M.  Arnould  in  the  paper  already  quoted)  think 
that  they  can  facilitate  the  working  of  the  coal  by  diminishing  the  air  at 
the  working  face,  and  thus  augmenting  the  quantity  of  gas  in  the  external 
air.  This  odd  opinion  accords  with  the  above  remarks,  for  if  there  is 
externally  u  pressure  of  gas  equal  to  hm  the  pressure  in  the  interior  of 
the  solid  coal  will  be  higher,  beginning  n<>  longer  from  zero  but  from  h*. 
At  any  given  depth  from  the  face  the  pressure  of  the  gas  will  be  increased 
by  hoi  and  this  pressure  will  be  found  to  work  wholly  in  favour  of  the 
miner.  If  the  proportion  of  gas  in  the  air  is  augmented  by  three  per 
cent.,  the  pressure  h0  is  equal  to  '42  pounds  per  square  inch  or  to  BJhil 
pounds  per  square  foot.  Such  a  pressure  cannot  be  neglected  in  con- 
nection with  the  tenacity  of  the  coal. 

It  is  needless  to  prolong  the  study  of  the  conclusions  that  can  be 
derived  from  the  exact  knowledge  of  the  existence  of  gas  in  coal;  it  is 
only  necessary  to  have  shown  the  interest  of  the  problem. 

The  theory  set  forth  is  not  new,  and  many  others  have  more  or  less 
clearly  expressed  it.  The  investigations  of  M.  Marsilly  have  already 
shown  that  there  was  indeed  an  actual  independence  between  the  coal 
and  the  gas  contained  in  it.  Hut  Mr.  Lindsay  Wood's  experiments 
confirm  the  theory  in  a  strictly  practical  manner,  and  they  permit  the 
following  fact  to  be  distinctly  enunciated: — 

That  fire-damp  is  a  gas  contained  in  coal  as  water  is  in  a  porous 
ruck.  It  is  found  compressed  in  it,  under  very  variable  pressures, 
which  can  attain  to,  and  without  doubt  exceed,  4 Go  pounds  to  the 
square  inch. 

Questions  as  to  the  mode  of  existence  and  mode  of  d la-engagement  or 
fire-damp  have  thus  acquired  a  solid  foundation,  upon  which  further 
experiments  can  build  a  more  perfect  theory.  It  would  seem  that  the 
most  useful  thing  to  do  now  is  to  determine,  by  experiments,  the  value 
of  the  co-efficients  designated  by  the  letters  ka  and  a  fur  a  number  of 
mines,  that  is,  the  volume  of  gJis  given  off  per  unit  of  surface  at  the  face 
at  any  time,  and  the  co-eflicient  of  permeability  of  the  coal  for  the  ga*. 
These  i*re  the  two  data  which  constantly  regulate,  with  the  max 
pressure  in  the  Mid  coal,  tin-  disengagement  of  gas. 
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GENERAL  MEETING,  SATURDAY,  FEBRUARY  10th,  1883,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEO.  BAKER  FORSTER,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  tbe  minutes  of  the  last  meeting  ami  reported 
the  Proceedings  of  the  Council 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

II  oxo  it  art  Member— 
Professor  P.  Phillips  Behson,  D.  Sc.  (Loud.,)  College  of  Physical  Science, 
Nc  weastle~on  -Ty  ne. 

Ordinary  Membbbs— 
Mr.  Henry  JontfSON,  jim.,  Sandwell   Pork  Colliery,  West  Bromwich,  South 

Staffordshire. 
Mr.  Matthew  Liddell,  Prudhoe-on-Tyne, 

Associate  Members  — 
Sir  Matthew  White  Ridley,  Burt,  M.P.,  Blagdou,  Cramlingtou,  Northum- 
berland. 

Mr.  John  Allan,  Eiderius  Kreuz,  Nengnsse,  Freil>erg  in  Nuehsen. 
Mr,  T.  J*  ARMSTRONG,  Hawthorn  Terrace,  Newcastle-on-Tyne. 
Mr.  John  H,  Bt/RN,  Coal  Owner,  20,  Broad  Chare,  Newcastle -on -Tyne. 
Mr.  John  Bo  web,  Streatlam  Castle,  Darlington. 
Mr.  Charles  E.  Jbffcock,  B.A.,  Birley  Collieries,  Sheffield. 
Mr.  Charles  Lacy  Thompson,  Milton  Hull,  Carlisle. 
Mr.  F.  D.  Johnson,  BJL,  Aykleyheads,  Durham. 
Mr,  A.  E.  Br  boon,  Hartford  Honse,  Crarolington,  Northumberland. 
Mr.  WiixiAM  Thomas,  M.E.,  Mineral  Office,  Cockermnutfa  Castle. 
Mr.  JOSEPH  SNOWBALL,  Seaton  Burn  House,  Northumberland. 
Mr.  Robert  Rowbxl,  SeghUl  Colliery  Office,  Newcaatlu-on-Trnc. 
Students— 

Mr.  R.  Noble  Haio,  Lofthonse  Mines,  via  &altbnra-by-the-*Sea. 
Mr.  Robert  J.  W.  Oates,  Mining  Surveyor,  E.I.R.  Collieries,  Gindi,  Bengal* 
India, 
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The  following  were  nominated  for  election  at  the  next  meeting : — 

Associate  Members — 
Mr.  Henry  Armstrong,  M.E.,  St.  Hilda  Colliery,  South  Shield*. 
Mr.  Ingham  H.  Webster,  Rope  Manufacturer,  Morton  House,  Fence  Hook*. 
Mr.  Peter  Sinclair  Haggib,  Gateshead-on-Tyne. 

Students— 

Mr.  George  Hurst,  Lauder  Grange,  Corbridge-on-Tyne. 
Mr.  Douglas  Haqgib,  Harton  Colliery,  South  Shields. 
Mr.  C.  H.  Steayenson,  Durham. 


The  following  papers  were  taken  as  read: — 

"  On  the  Duration  of  the  Coal  of  Great  Britain  and  Ireland,"  by 

Mr.  G.  C.  Greenwell. 
"  On  the  Daltonganj  Coal-field,"  by  Mr.  J.  H.  Grant. 
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THE  DURATION  OF  THE  COAL  OF  GREAT  BRITAIN 
AND  IRELAND. 


By  G.  C.  GKEENIYELL. 


Much  has  been  said  and  written  on  this  subject.  Large  expenses  have 
been  incurred  in  its  investigation;  great  pains  have  been  taken  and  much 
thought  has  been  bestowed  in  order  that  some  foreknowledge  might  be 
obtained  as  to  the  period  when  the  positron  of  Great  Britain,  so  far  as  it 
depend^  on  its  coal,  may  come  to  an  end. 

The  writer  will  endeavour  to  show  in  the  following  pages  that  the  line 
of  argument  which  has  hitherto  appeared  upon  "the  coal  question"  is 
inapplicable  to  this  subject: — 

1,  — Because  it  has  been  assumed  that  there  will,  so  long  as  coal  lasts, 
be  a  continually  increasing  annual  quantity  of  coal  raised, 

2,  — Because  it  has  been  taken  for  granted  that  there  could  be  locally 
placed  upon  the  coal-fields  such  a  population  as  would  be  able 
to  produce  the  enormous  quantities  of  coal  which,  on  the  above 
assumption,  would  require  to  be  worked* 

S. — That  as,  one  after  another,  the  various  local  fields  have  become 
exhausted,  the  still  increasing  quantity  can  be  produced  from 
those  that  remain. 

4.  — That  the  manufactures  peculiar  to  a  district,  and  dependent  on  the 
adjacent  coal  area  for  the  supply  of  their  requirements,  will,  on 
the  exhaustion  of  the  coal  of  that  district,  remove  to  others, 
and  continue  to  flourish  as  they  formerly  did. 

5.  — That  notwithstanding  the  constantly  increasing  ability  of  forcigu 
countries  to  manufacture  for  themselves  by  means  of  that  coal 
which,  all  over  the  world,  is  so  largely  in  course  of  being 
developed,  British  manufactures  requiring  coal  and  British 
exports  of  coal  will  not  only  hold  their  own,  but  continue  to 
advance  in  arithmetical  or  geometrical  progression, 

1. — The  assumption  that  there  will,  so  long  as  coal  lasts,  be  a  con- 
tinually increasing  annual  quantity  of  it  worked,  dues  not  appear  to 


136     DURATION  OF  THE  COAL  OF  GREAT  BRITAIN  AND  IRELAND. 


have  any  very  substantial  foundation*  It  is  based  upon  the  growth  in 
the  annual  output  of  coal  which  has  taken  place  hitherto.  The  following 
figures,  taken  from  the  best  available  sources,  are  given  in  illustration 
of  the  argument: — 
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It  is  not  necessary  to  introduce  the  coal  resources  and  animal  pro- 
duction of  Ireland  into  the  question,  the  former  being  155,080,000  tons 
and  the  latter  being  stationary  at  abont  130,000  tons  per  annum;  and 
in  the  calculations  which  follow  there  is  no  reference,  unless  specially,  to 
that  element. 

From  this  Table  it  appears  that  in  the  ten  years  preceding  and  inclusive 
of  1870,  there  was  an  increase  in  the  production  of  34-498  per  cent.,  while 
in  the  ten  years  precediug  and  inclusive  of  1880,  there  was  an  increase  of 
only  30  08G  per  cent. 

In  the  same  periods  there  was  an  increase  in  the  export  trade  of  57*B76 
and  59  8 14  per  cent,  respectively;  and,  in  the  same  periods,  there  wis  an 
increase  in  home  consumption  of  32*234  and  2G'o29  per  cent,  respectively. 
It  will  be  seen  from  this,  that  in  the  production,  there  is  a  diminishing 
rate  of  increase  in  the  latter  as  compared  with  the  former  decade,  of 
4'412  per  cent.,  and  in  the  home  consumption  of  5705  percent.,  while 
in  the  ease  of  export  there  is  an  increasing  rate  of  1938  per  cent.  The 
results  of  the  period  of  20  years  are  taken  as  the  basis  of  the  following 
Table,  and  are  more  complete  and  reliable  than  those  at  the  command 
of  others  who  have  hitherto  applied  themselves  to  the  question. 

Estimated  Production,  Home  Consumption  and  Export  of  Coals,  pbb  Annum, 

AT  TUB  END  OF  BACH  TEN  YeAHS,  FKOU  1880  TO  1940. 
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At  the  above  rate  the  maximum  of  production  will  hare  been  reached 
between  1930  and  1940;  and  of  home  consumption  between  1910  and 
1920.  The  quantity  left  for  export  does  not  give  the  same  result  as  that 
produced  during  the  20  years  preceding  1880,  and  it  is  extremely  unlikely 
that  the  large  increase  in  the  export  trade  in  coals  should  so  continue. 

At  the  above  rate  the  total  quantity  of  coal  produced  between  January 
1st,  1881,  and  January  1st,  1941,  would  be  about  14,000  million  tons. 

In  the  year  1940,  therefore,  each  colliery  district  would  be  required  to 
produce  about  double  its  present  output;  and  it  is  probable  that  should 
this  quantity  be  reached,  and  it  should  prove  to  be  the  maximum,  the 
trade  will  continue  at  about  that  level  for  many  years  before  it  begins  to 
decline. 

2. — It  has  been  taken  for  granted  that  there  could  be  locally  placed 
upon  the  coal-fields  such  a  population  as  would  he  able  to  produce  the 
enormous  quantities  of  coal  which,  on  the  above  assumption,  would 
require  to  be  worked. 

In  the  year  1940,  when  by  the  above  computation  the  annual  production 
will  have  reached  its  maximum  of  314  million  tons,  it  will,  according  to 
the  late  Professor  Jevons,  have  increased  to  1,310  million  tons,  and  iu 
only  20  years  afterwards  to  2,G07  million  tons,  provided  that  the  rate  of 
growth  of  3£  per  cent,  per  annum  be  maintained.  In  a  work  on  "Coal, 
its  History  and  Uses,"  by  Professors  Green,  Miall,  Thorpe,  Riicker,  and 
Marshall,  it  is  calculated  that,  by  arithmetical  rate  of  increase,  the  pro- 
duction iu  2150  will  be  MS  millions;  and,  by  geometrical  rate,  that  in  2000 
it  will  be  G,000  million  tons  per  annum;  but  they  add  that,  taken 
literally,  both  assumptions  are  obviously  untenable,  as  they  imply  that  at 
one  or  other  of  the  above  dates  an  output  of  945  milliou  or  6,000  million 
tons  of  coal  per  annum  will  come  to  a  sudden  stop;  "so  that  in  the  year 
immediately  following  and  for  ever  after,  not  one  ton  of  coal  ever  will  be 
raised  more  in  the  United  Kingdom;  or,  at  all  events,  not  a  ton  be  left 
anywhere  to  be  worked  at  a  less  depth  than  4,000  feet." 

For  the  purpose  of  the  present  argument  the  writer  will  take  the 
estimates  of  coal  remaining  unworked,  contained  in  the  Report  of  the 
Royal  Coal  Commission,  1871  (Ireland  excluded).  Coal  in  kuown  coal- 
fields in  depths  not  exceeding  4,000  feet  90,051,605,398.  Of  this  quantity 
52,456,208,913  tons  are  contained  in  the  South  Wales  coal-field,  being 
approximately  one-third  of  the  whole.  The  great  resources  of  this 
coal-field  will  ensure  its  existence  long  after  most  of  the  others  have 
been  exhausted,  but  take  the  favourable  assumption  that  the  coal-fields 
individually  are  exhausted  in  an  equal  degree,  provisionally  to  the 
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quantity  of  coat  contained  in  them*  If  then,  in  1941,  the  total  output 
should  reach  1,310  million  tons,  the  output  of  South  Wales  will  be  436 
millions  of  tons.  As  it  will  be  seen  on  reference  to  the  coal  returns  of 
South  Wales  that  it  requires  { 1881 )  53,452  persons  to  produce  10,0»»8,525 
tons  of  coal,  equal  to  300  tons  per  head,  the  number  of  persons  who 
will  be  required  in  1941  will  be  1,453,838.  Twenty  years  afterwards  the 
output  would  be  869  millions  of  tons,  and  the  number  of  persons  would 
be  all  but  doubled. 

To  produce  the  full  output  of  1*697  millions  of  tons  wonld  require,  at 
the  general  rate  of  work  per  head  in  the  British  coal-fields  (327  tons  per 
head)  7,972,477  persons,  or  a  colliery  working  ik>  nidation  alone,  all  located 
in  I  he  colliery  dish-iris,  far  in  excess  of  the  present  population  of  Great 
Britain: — 

England  and  Wakf    ;   25,96ST2S6 

Scotland   ,    3.735,573 

29.703.859 

Females,  §ay         „   15,703.859 

Ifilw  nfill  ii i:"-    it,i»oo,ooo 

3. — That  as,  one  after  another,  the  various  coal-fields  have  become 
exhausted,  the  still  increasing  quantity  can  be  produced  from  those 
that  remain. 

Not  including  1,500  million  bins  of  coal  added  to  Mr,  George  Elliot's 
(now  Sir  George  Elliot,  But*)  estimate  of  the  coal  remaining  in  the 
Durham  coal-field  in  the  beginning  of  1871,  lying  beyond  a  distance  of 
8^  miles  seaward  (that  for  Northumberland  and  Cumberland  having  been 
confined  to  2  mi  Irs;  the  quantity  remaining  to  be  worked  at  that  date 
was: — 

TilH*. 

In  NWthnmherlaud,  Cumberland,  nml  Durham  8,fl-t1fH44,Oi*S 
From  which  iiiu*-t  U<  drdurtcd  the  quantity  w  rked  from 
January  lit,  1871,  to  January  lit,  1882,  namely   360,255.220 

Remaining  January  1st,  1*S|>  ...                 ,  .  R.5fiSS>M&M(» 

And  the  product  inn  of  these  Counties  in  1N81  was  ...        .„  37«37u,529 

WithouL  calculating  mi  any  iinTniSL'  fit'  |m>iluctiun  :d  all,  these  coal- 
fields would  be  exhausted  in  230  years. 

In  the  nf  s< mt h  Wales,  the  quantity  of  cud  remaining 
on  January  lit,  1871  >  was   IMIMBMH 

Deduct  the  quantity  worked  from  January  lit,  1871,  to 

January  U,  1  svj   l»h»>7,4lt 

Leaving  32;^li»l2,l#^ 
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Which,  at  the  1881  rate  of  production,  would  not  be  exhausted  uutil 
the  expiration  of  2,000  years. 

Whatever  expansion  in  the  demand  for  coal  takes  place  will  in  all 
probability  affect  in  a  somewhat  equal  manner  the  two  coal -fields,  by 
reason  of  their  similar  position,  and  it  is  a  fact  not  to  be  overlooked  that 
the  royalties,  or  coal  properties,  arc  now  very  largely  under  lease  in  both 
fields.  But,  supposing  the  ]>criod  of  230  years  or  any  shorter  period  has 
arrived  when  no  more  coal  is  to  be  had  in  North umticrland  and  Durham, 
can  it  be  seriously  believed  that  a  working  population  of  100,000  jjersons, 
and  perhaps  vastly  more,  would  be  transplanted  to  South  Wales  in  order 
that  there  might  be  no  failure  in  the  aggregate  production  of  the  two 
districts? 

4. — That  the  manufactures  peculiar  to  a  district,  and  dejiendent  on  the 
adjacent  coal  area  for  the  supply  of  their  requ ire m cuts,  will,  on  the  ex- 
haustion of  the  coal  of  that  district,  remove  to  others  and  continue  to 
flourish  as  they  formerly  did. 

The  Cleveland  ironstone  is  dependent  on  the  coke  produced  in  the 
Durham  coal-field:  if  the  coal  from  which  it  is  manufactured  were 
exhausted,  either  the  Cleveland  ironstone  (in  order  to  be  utilized)  would 
require  to  be  taken  to  other  coal-fields,  or  the  coal  from  other  coal-fields 
would  require  to  be  transported  to  Cleveland.  Were  either  of  these  the 
effect  of  the  above  exhaustion,  iron  would  cease  to  be  produced  from 
Cleveland  ironstone  at  anything  like  its  present  cost :  the  inevitable  result 
would  (having  due  regard  to  the  effect  produced  by  Cleveland  on  the 
trade)  be  a  considerable  rise  in  the  price  of  iron  generally,  a  conse- 
quent diminution  of  its  production,  and  a  corresponding  diminution  in 
the  quantity  of  coal  raised.  The  same  would  apply  to  the  Cumberland 
iron-works  as  well  as  to  Scotland,  in  the  event  of  the  exhaustion  of  the 
coal  of  West  Scotland  suitable  for  iron-making.  This  rise  in  the  price  of 
iron,  taken  in  conjunction  with  the  rapidly  increasing  production  of  iron 
in  other  countries,  would  probably  put  a  stop  to  the  export  of  iron,  and 
perhaps  later,  of  machinery  and  materials  manufactured  from  it. 

Chemical  works,  on  account  of  the  nature  of  their  trade,  must  be 
situated  conveniently  for  import  and  export,  consequently  at  or  near 
some  port  of  shipment,  where  there  is  ample  accommodation.  They, 
probably  as  much  as  any  other  branch  of  British  trade,  feel  the  effect  of 
foreign  competition,  If  the  cheap  fuel  they  obtain  on  the  banks  of  the 
Tyne  or  the  Mersey,  or  at  Glasgow,  were  no  longer  obtainable,  chemical 
works,  on  a  large  scale,  would  cease  altogether. 
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5, — That,  notwithstanding  the  constantly  increasing  ability  of  foreign 
countries  to  manufacture  for  themselves  by  means  of  coal  which,  all  over 
the  world,  is  bo  largely  in  course  of  development,  British  manufactures 
requiring  coal  and  British  exports  of  coal  will  not  only  hold  their  own, 
but  continue  to  advance  in  arithmetical  or  geometrical  progression. 

There  is  no  doubt  a  great  deal  in  a  name,  and  with  such  an  introduc- 
tion as  British  manufacture  possesses,  it  will  fur  a  long  period  maintain 
its  markets  and  no  doubt  increase  its  trade  in  those  to  which  it  has  even 
equal  access  with  other  countries.  It  is  very  much  to  be  feared,  however, 
that  the  pressure  of  competition  with  them,  and  the  consequent  increased 
competition  at  home,  will  not  in  the  long  run  maintain  the  character  of 
the  axe,  "  if  the  steel  be  left  out,"  With  the  ability  to  supply  the  world, 
how  does  it  even  now  happen  that  English  manufacturers  are  undersold 
at  home  by  the  importation  of  foreign  rails,  girders,  tools,  and  other 
things,  all  of  which  are  largely  produced  by  means  of  coal,  the  trade  in 
which  is  expected  to  advance  as  rapidly  as  it  did  previously  to  the  im- 
portation of  such  things  from  abroad  ? 

The  writer  hopes  he  has,  to  some  extent  at  least,  shown  the  fallacy  of 
the  early  failure  of  the  British  coal-fields,  due  to  the  estimated  enormous 
additional  quantities  of  coal  that  they  may  annually  be  called  upon  to  supply; 
and  he  will  now  proceed  to  the  more  practical  question  as  to  how  lung  at  the 
present  rate  of  extraction  the  great  known  coal-fields  of  Great  Britain  will 
last.  The  writer  takes  as  a  starting  poiut  the  estimate  of  the  Royal  Coal 
Commission,  of  1871,  but  as  he  cannot  accept  the  estimate  of  extension 
of  the  Durham  under-sea  coal  beyund  an  average  of  3£  miles  from  the 
Durham  Coast,  he  rejects  1,500  millions  of  tons  from  the  gross  estimate 
of  £10,05 1,605,398,  and  as  this  quantity  includes  in  some  instances  coal 
lying  between  3,000  and  6,000  feet  deep,  a  further  deduction  on  that 
account  is  made.  These  deductions  reduce  the  quantity  left  on  January 
1st,  1871,  to  88,304,332,285,  distributed  among  Buch  Inspection  district*, 
as  by  railway  facilities,  may  be  considered  within  the  UmiU  of  gix  great 
coal-fields,  as  follows; — 
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ROYAL  COAL  COMMISSION. 
Estimated  Quantity  op  Coal  in  Seam*  op  12  Ixcnaa  Thick:  axd  Upwards, 

AND  LtIWG  ABOVK  TUB  DEPTH  OF  4,000  FfiBT,  KeMAIMKG  TO  BE  WORKED 

AT  January  1st,  187L 


GREAT  BRITAIN. 


1 

Inspect  iau  tMAtricta. 

Authority. 

Tom. 

Tons. 

t 

Northumberland 

Mr.  E  E.  Forster 

2.7-U.*9i;.*39 

1 

Do,  *ea  coal.  2  oflVi 

Do. 

Cumberland   

D»« 

303t827,70li 

Nos.  1  A  2  • 

Do.  sen  con).  2  miles 

Do. 

101,876,000 

Limestone  coal  

Do. 

<I65. 180,007 

Durham    ...  ... 

Mr.  G.  Elliot  ... 

8,988,854.1*85 

Do.  sea  coal,  3 J  miles 

Do. 

734.509,005 

Lancashire.,.    ...  ... 

Mr.  Dickinson  ... 

5.313.4-43,000 

Nos.  3  Sl  4  | 

Anglesey   

Do. 

5,000,000 

Denbighshire  ... 

Dm. 

1,287,000.000 

Flintshire   

Do. 

718,000.000 

7,323,443.000 

Midland    ...    ...  ... 

Mr.  Woodhouse... 

18,172,071,430 

Moira  district   

Do. 

454,161,94ti 

Nos.  5  16* 

Coleorton  do  

Do. 

88M87.788 

Warwickshire   

Do. 

458,6S2,7H 

Outliers,  Midland  ... 

Do. 

70,96^,011 

19,538,487389 

North  Staffordshire  . . , 

Mr.  Elliot  

3,825.488,105 

Nos.  7  A  8  | 

Cheshire  

Mr.  Dickinson  ... 

200.000,000 

Sooth  Stafford,  etc.  ... 

Mr.  Hartley 

1,906,119,768 

5,931,007,873 

Somerset  A  Gloucester 

Mr.  1'resl wick  ... 

4,218T970,7R2 

Nos.  9&lo| 

Forest  of  Dean  

Mr.  Dickinson  ... 

866,000,000 

South  Wales   

Mr.  B.  Vivian  ... 

19,278,^72,740 

Do.   

Mr.  Clarke 

12,963,240,003 

30,725,483.505 

Nos.  11  &  12 

Scotland    ...    .,,  ... 

Mr.  Oeddes 

9,843,4^5,930 

Total 

88,304,332,285 

N.B. — The  North  Staffordshire  and  Cheshire  Inspection  District  includes  Shropshire, 
bat  the  Shropshire  coal  is  included  in  the  South  Staffordshire  estimates. 


IRELAND. 


Inspection  District. 

Authority. 

Tons. 

No.  3. 

Mr.  Edward  Hull. 

155,680,000. 

VOL,  XTXlt.-lSSl. 
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The  estimated  quantity  of  coal,  as  above,  remaining  un worked  at 
January  1st,  1871,  was: — 


Grent  Britain   

Deduct  the  quantity  worked  from  January  1st*  1S71,  to 
January  1st,  1882   

Quantity  remaining  at  January  1st,  1882  ... 

Which,  at  the  rate  of  production  in  the  year  1881,  will 
he  exhausted  in  .♦,  ♦  ♦  ..  ... 
The  total  quantity  estimated  to  ctist  in  Irelnndt  if 

divided  by  the  quantity  produced  in  Great  Britain 

in  1881,  >vould  give  a  supply  for 


TVinj. 

88,30  U32,285 
lt46t.020,265 
80,#10T312t020 


G63  years. 


1  year. 


The  writer  will,  in  the  next  place,  give  abstracts  from  the  Reports  of 
Her  Majesty's  Inspectors  of  Mines,  showing:  in  each  year,  commencing  with 
that  of  the  Report  of  the  Royal  Commission,  the  number  of  persons  em- 
ployed under-ground  and  above-ground,  and  the  number  of  tons  raised 
in  each  Inspection  district. 

The  following  is  an  account  of  the  number  of  persons  employed  in 
the  coal  mines  of  each  Inspection  district  of  Great  Britain  and  Ireland 
in  each  year,  from  the  1st  January,  1870,  to  the  1st  January,  1882, 
together  with  the  tons  of  coal  raised : — 


1.— North uxbkrl and,  etc. 


Yean. 


Number  of  Person*  Kmpluf 


AboTrirrotjtid.      UDileOTOUtul.  Tout 


Computed  {  JgJJ 


ls7:t 
]s7\ 
is;:, 

187rt 
1M77 
L87S 

i  s  so 
ISM 


10.108 

9,fi69 

wm 

]t>.11S 
U.575 
9,np4 
9.171 

tMJ27 


37.100 

:js  i  1 1 

3n,aoo 

asoao 


3fi.000 

311.000 

60,070 
4H.T54 
14,01  y 
I0J8M 

47,rco 
47,3913 


0oUo2 


Tun*  Rfcljk^l 


12,530,000 
13,010,000 
1 3,471, !"L 
13,092,272 
U1M2.S22 
14.1 3r.,  104 

12.9l3«Sol 
13ati7,3G9 
15,G0>>,843 
15,830,720 


151,71(5,217 


Av.  30trSl 
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2. — Durham. 


Number  of  Pcrwm  Employed. 

Ton*  Rai*ed 

Yean, 

Tons  Raised 

per  Person 

Kiuplayvil. 

Underground. 

AboYCfrround. 

Total. 

43,000 

17#i6,OO0 

417  35 

Computed 

1*72 

t5.aoo 

17. 39*  .000 

Ira 

1873 

42,278 

11,070 

53,357 

17.-138,017 

326*81 

1874 

44.972 

10,7m 

55.mw 

1 7,1*1 

321*61 

1875 

40.8118 

11,727 

68,595 

19,- 159.2-18 

332  10 

1876 

46,365 

12,016 

33437 

1S77 

45,016 

11,421* 

5M45 

19.556,418 

346-46 

]v7S 

42,795 

10.111 

52.906 

isf*;2i.i.912 

351-96 

1879 

39,748 

9,827 

17*156*388 

31601 

iaso 

42.820 

10,411 

53.240 

2o.inu.72n 

394  31 

1881 

43,065 

11,160 

54.825 

21,539.809 

392  88 

581,319 

207*538.973 

A  v.  35701 

3.— North  JlTtd  East  Lancashire  (exclusive  .  r  Ir  .  am  ). 


Number  of  Persons  Employed. 

Raited 

Tom  Raised 

per  Person 
Employed. 

tTndargroitud. 

AlKiTcitrwund, 

Total. 

20.110 

7.575,800 

29015 

Computed  |  im 

28,657 

9.363.236 

32673 

1873 

26,429 

5,453 

31,882 

8,063,* 55 

252*92 

1*74 

27,166 

6.662 

32.K28 

8.06M.974 

21561 

1875 

27,305 

5,701 

33.006 

8,881,1:17 

269'07 

1876 

25.0*8 

6,334 

30,382 

8.36U79 

27530 

1877 

24,154 

5.190 

29,344 

8,741.387 

29789 

1878 

24,726 

5,063 

29,789 

8,888389 

28983 

1879 

25.495 

5,262 

30,757 

8,993,697 

29241 

1880 

25,552 

5,445 

30,997 

9,519358 

307' 12 

1881 

26,274 

5,399 

31,673 

9,326,722 

KNfctS 

335,425 

95,527*084 

Av.  28-1-79 

3d. — Ireland. 


Number  of  Person*  Employed. 

Tods  Raised 

Tons  Raised. 

per  Person 

Total. 

Employed, 

Underground 

AbotegToimd 

Hunt's 

J  1871 

165,750 

Statistics 

11873 

103,463 

1873 

1,209 

741 

1.9.-0 

135,731 

69-60 

1874 

1,120 

531 

1.651 

139,213 

8432 

1875 

1,069 

475 

1,544 

12H,201 

8808 

1S76 

946 

419 

1,365 

125,195 

91-71 

1^77 

883 

365 

1,248 

140,181 

112  32 

1878 

841 

381 

1.222 

122,051 

99-87 

1879 

819 

296 

1.115 

129,003 

115-69 

1880 

777 

291 

1.071 

133,702 

124-83 

1881 

771 

299 

1.070 

127,585 

119-23 

12,236 

1,450,075 

Av.  96'50 
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4.— West  Lancashire  and  North  Waleb, 


Number  of  Persona  Employ  ud. 

Ton*  RftUed 

Yew 

Ton*  Rained. 

twr  Person 
Employed 

Underground. 

Abort-ground. 

ToUL. 

)  1*71 

32,218 

8,775,000 

27236 

Computed 

}  1872 

34,000 

st,oooyooo 

26470 

1*73 

33,018 

9.1182 

42,300 

10.288,583 

243  22 

1874 

33,71)6 

9,81  !2 

43,658 

9,875,762 

220*20 

1875 

35,014 

10,122 

45,136 

11,398,032 

25252 

1876 

32.661 

9,513 

42,174 

11,509,339 

272*90 

1877 

81,128 

9.214 

40,342 

11,426,745 

283  21 

1878 

30,817 

8,207 

39,084 

11,651.797 

29858 

1879 

31,398 

a,or,o 

39, -158 

11,7*3,724 

298-63 

31,636 

7.81  H 

39  154 

12,029,761 

30490 

1881 

3I,63L 

7,999 

39.630 

ll,sw,«85 

298  85 

437,394 

119,582,418 

Av.  273  39 

6. — Yorkshire. 


Years. 

Number  of  Persons  Employed. 

Ton*  Raised 
iter  Person 
Employed. 

Underground, 

A  ho  vt* ground. 

M 

Computed  j 

1873 
1874 
1875 
1H76 
1877 

1M7* 

1879 
1880 
1881 

-45,828 
49,fi83 
49  000 
48.307 
47.808 
47,985 
48,327 
48,654 
48,674 

ll,ii95 
12,816 
13,184 
12,650 
12,7*6 
11,792 
11,760 
11.820 
11,857 

3S.G00 
61.056 
57.523 
62.U»9 
62,190 
61,017 
60,594 
59.777 
60.087 
60,474 
60,531 

14.576,000 
15.311,778 
14,827.313 
15,855.01X1 
15,129,506 
15,805.235 
1 5,5*^*3 
16,2  t!  413 
17,4*18,536 
18,287,141 

33165 
2H5  49 
266  18 
237  24 
254-96 
247  95 
2«i083 
26067 
27029 
28886 
30211 

634,348 

171,886,485 

At.  27096 

6. — Midland,  Dkrbt,  Notts,  etc. 


Number  of  Person*  Employed, 

Tom  H*l«*4 

Too*  Raised. 

per  Person 

Underground. 

AboTeground. 

ToUl 

KmpluynL 

!  1871 

31,051 

9,252.900 

297"99 

Computed 

j  ls72 

39,285 

10,657,100 

271  27 

1*73 

36,544 

10,430 

46,974 

11,533.407 

24552 

40,673 

11,706 

52,379 

12.232,296 

233  53 

40,789 

1 1  ,*>*8 

52,477 

12,430,600 

236  87 

1876 

40,260 

12,088 

52,348 

12.331.546 

235  56 

1H77 

3\7ss 

11,497 

50,285 

12  903,886 

25661 

187* 

38,170 

11,1  si 

49  354 

13.440.181 

272  32 

1879 

39.222 

11.701 

50,923 

14  036,242 

275-63 

1880 

37,9*30 

11,370 

49,3:10 

14,500,995 

293^6 

1881 

38,365 

11,614 

49,979 

15,545,667 

311-04 

624,386 

138,864323 

Av,  264  SI 
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7« — NORTH  STAFFORDSHIRE,  CHESHIRE,  ETC, 


Number  of  Persons  Employed, 

Tcinp  K^i»ed 

Y,ArS 

Toaa  Raised. 

per  MM 

Em  ploy  ud. 

Underground. 

AhoTegToumt 

Total. 

ri871 

21,200 

6.500,000 

306-60 

Computed 

1  1872 

27.753 

6.327,188 

227  97 

1873 

23,177 

7  444 

30,621 

6.257.468 

20435 

1874 

23,494 

8,250 

31,741 

6,289,929 

19*46 

1875 

22,180 

7,r>76 

30,056 

6,116.194 

203  49 

1876 

20,581 

7,198 

27,779 

5.559  106 

20011 

1877 

20,010 

i>,\2\ 

26,131 

5,71 2  ,<  »2u 

21974 

1878 

18,694 

5,907 

5.584,400 

wig 

1879 

17.918 

5,243 

23,161 

5,562,615 

240^17 

1880 

17,814 

5,038 

22,852 

5,660,800 

248  15 

1881 

18,856 

5,643 

24,499 

6,473,900 

264-25 

£90,397 

66,073,650 

Av.  227  52 

8, — South  St  affords  hi  re  axd  Worcester. 


v.  mm 

Number  of  Persons  Employed. 

Tons  Railed. 

Tone  Halved 
per  Person 
Employed* 

Underground. 

Aboreground. 

Total. 

Computed  | 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 

27.497 
27,304 
26.457 
24.476 
21,483 
18,681 
17.641 
17.563 
17rS87 

9,332 
9,551 
9.211 
8.322 
7,277 
6.422 
5.914 
5,930 
5,919 

31,000 
31,500 
36,829 
36,855 
35,668 
32,798 
28,760 
25.103 
23,565 
23,493 
23,806 

iogp  o,ooo 

10,550,000 
11,100.000 
8,500,000 
10.300  000 
10,000,000 
9,500,000 
8,976,000 
9,329,197 
(MM  M  1 H 1 
10,058,670 

33870 
334*92 
301-39 
230  63 
28877 
304-89 
330-31 
35756 
396iM> 
41118 
422  52 

329,367 

108,473,867 

Av.  329  34 

9. — Monmouthshire,  Somerset,  etc. 

Tears. 

Number  of  Pereoni  Employed, 

Tons  Raised. 

Tona  RaiBcd 
per  Person 
Employed. 

Underground. 

AboTegTound. 

Total 

„    m  f  .  \  1871 
Computed  j  jg^2 

1873 
1874 
1875 
1876 
1677 
1878 
1879 
1880 
1881 

28,352 
28,161 
28,225 
27,566 
26,820 
26,010 
25.483 
25,101 
26,206 

7J00O 
6.691 
5,911 
MT8 
5,086 
4,s6t 
4.577 
4.710 
4,838 

26,881 
32,471 
35,352 
34,852 
34,136 
33.244 
31,906 
30,874 
30,060 
29.811 
31,044 

7,000.000 
7.000.000 
6.749,264 
6315,787 
6,113.413 
7,121,209 
7,056.136 
7.152.258 
7,439,627 
7335.483 
8,318,821 

26040 
215  57 
190*91 
19556 
17908 
21421 
221  15 
231-65 
247"49 
26283 
267*96 

350,631 

78,601,998 

Av.  22417 
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10.— SorTH  Wales. 


Years. 

Number  of  Person*  Employed. 

Tom  Raked. 

Tnas  Rill whI 
per  Pt-rson. 

EtUjil'  »>o] 

rndcTBTrtttnil. 

AlrcrtTgroUJld. 

Total. 

Com  pa  j 

1*73 
1874 
1875 
1*76 
1877 
1878 
1879 

l&so 

1881 

87,121 
41,68  1 
42,784 
38,802 
37.<i37 
37,0*0 
40.344 
42,21-2 

41,939 

9,443 
9,K29 
8.4tf4 
7,517 
7J75 
6,854 
7*620 
8,174 
8,513 

37,9'iO 
38.427 
46,504 
61.513 
61,248 
46,319 
44*812 
43,934 
47,imi 
50,416 
58,452 

9,120.000 
10,181,720 
1 1 .173.152 

11,152  35* 

9.983.341 
11,663,4 17 
ll,fi71.730 

12,087  m 
12.412.136 
15.2*3.829 
16.008,525 

24025 
26366 
21/T  39 
22231 
19180 
25180 
260-15 
27534 
258  7^ 
303*11 
299*48 

512,609 

131,297,441 

Av.  25613 

11. — East  Scotland. 

Yeui 

Nainhcr  of  Pernios  Employed 

Tons  Raised. 

Ton*  R*i*ed 
vct  Pcnua 
Euiplojed 

Underground. 

AbovegroujQd. 

6,854 
«,254 

(1,080 

6,139 
r>.7os 

5.802 
5,831 
5,980 
6,215 

Total. 

1  1871 

Computed  |  jH-4 

1873 
1*71 

is?;. 

tm 

1877 

1978 
1879 
1880 

1**1 

29,880 
91,294 
29,321 
28,765 
27,422 

28,r,i6 

29,289 
29,559 
30,402 

27,300 
30,000 
35,734 
37,518 

3:.,imi 
34,904 
33,220 
34,418 
35,120 
85,539 
30,617 

9.ow;,si4 
10,142^389 
H»JS2,32« 

luiiuuo 

ll.067.6ts 
11. 152,373 
11,607,559 
11,300,5(7 
12,019,413 
14,148,880 

32511 
301-56 
2*3  *2 
271  IK 
32257 
33127 
31174 
33HW 
32177 
338  20 
386  40 

375,801 

121,931,194 

Av.324'45 

12.— WfST  SCOTLAND. 


Number  of  Persons  Enij.l 

oied. 

Tnn*  lUlsod 

Vi  rtr-. 

Tooj  Tt*isc*L 

tmt  Pct»nH 
feuijattjeil 

TJ  oder  ground. 

Atw^cgron  nd . 

Total 

19,561 

6,554,365 

335*07 

Computed  j 

20,039 

6,330,796 

mm 

1873 

19,365 

8,426 

22.791 

6,715,733 

2fHt3rt 

1871 

19,020 

3,000 

22.620 

6,000,335 

292-05 

1875 

17,607 

3  .-IV.* 

20,990 

7,177.888 

341*80 

1876 

16.342 

3,29  1 

19,636 

6,997,964 

3563* 

1S77 

15,516 

3.332 

18,848 

6.867.701 

«S437 

1878 

14.534 

2913 

17.447 

6,10**723 

353  62 

1*7!* 

14.899 

2*12 

17,711 

6,16R360 

M 

1880 

14,703 

2,888 

17,591 

6. 2  443 

35.VO0 

1881 

14,399 

MM 

17,223 

6.671,175 

38751 

215,063 

72,525,482 

Ar.  337  22 
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The  following  is  an  account  of  the  number  of  persons  employed  in  the 
coal  mines  of  Great  Britain  ami  In  la  til  in  each  year,  from  the  1st 
January,  1870,  to  the  1st  January,  1S82,  together  with  tbe  tons  of  coal 
raised :  — 


Number  of  Persons  Employed. 

Toil*  Raised 

Year. 

T..n.  ][■,.  : 

per  Person 
Employed. 

Underground. 

AboTeground. 

Total 

370,881 

117,439,2.^1 

31665 

Computed 

1872 

418,0** 

123.393,853 

295'  13 

187a 

386,589 

I00ji46 

487,135 

128,541,400 

26387 

1874 

406.707 

10*614 

511.321 

126*450,8*15 

24730 

1875 

405,582 

103,397 

508.979 

133,178,284 

261  -65 

1876 

387.869 

487.735 

27473 

187? 

374,226 

1H,  180 

468,706 

134,039,787 

285-97 

1878 

301,418 

as,203 

132,490,012 

29271 

1879 

366,452 

87,781 

451.233 

133,591.390 

291 10 

18*0 

871*00 

89,074 

4GU.717 

146,835.707 

31871 

1881 

379,067 

91,608 

470,675 

154,056715 

32731 

5,091,091 

1,464.020.265 

Av.  287  56 

In  order  as  nearly  as  possible  to  compare  the  six  centres  of  coal  with 
the  present  annual  production  thereof,  the  following  Table  has  been 
constructed  out  of  the  foregoing  abstracts  : — 


Com! -fields. 

Coal  In  known  coal- 
fields, Jan.  1, 

Production  in  1881  of 
Inspection  District*, 

Yean 
of  Life. 

Northumberland,  Durham,  and  | 

Cumberland  ...  j 
Lancashire,  Anglesey,  Denbigh-  / 

ithire,  and  Flintshire  ...  J 
Midland,   Leicestershire,  War-  "> 

wicksbirc,  etc.  ...  y 
North  and  South  Staffordshire  { 

and  Cheshire  ,♦.  ) 
Somerset,  Gloucester,  and  South  \ 

Wale*  J 

East  and  West  Scotland 

Tons. 
8,582,588,808 

7,108,332,898 
19,227,736,581 

5,757,060,356 
36,515,584,123 

9,649,009.254 

,  ,  9  f  15,830,720 
1  "  "  (  21,539,809 
A.j  9,326,722 
,11,843,685 
-  -  a  J  18,287,141 
5  *  6  )  15.545,667 
»  -     \  6,473,000 
1       1 10,058,670 

*  *  1U  }  16,008,525 
U  k  I.  J  1M48T880 
U*ia|  6,674,175 

^  230 
|  336 
j  562 
}  340 
|  1501 
[  463 

Totals   

86340*312,040 

154,056,715 

573 

According  to  the  Royal  Coal  Commissioners,  them  will  be  in  England 
a  probable  amount  of  coal  (in  addition  to  the  above)  under  Permian  and 
other  overlying  formations  at  depths  of  less  than  4,000  feet,  40  per  cent, 
deducted  for  loss  and  other  contingencies,  equal  to  5C,246  million  tons, 
and  this  quantity  would  be  equal  to  a  supply  for  3G5  years  at  the  present 
rate  of  production.    This  quantity  of  coal  is,  however,  all  confined  to  the 
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Midland  Counties  of  England,  and  $j*ths  of  it  are  in  Yorkshire,  at  present 
nearly  the  richest  coal-field  in  Great  Britain.  The  above  estimates  in- 
chide  large  quantities  of  coal  contained  in  Beams  of  from  12  inches  to 
2  feet  in  thickness,  which  may  possibly  be  worked  for  local  consumption. 

The  object  of  the  writer  has  been  to  endeavour  to  disprove  the  esti- 
mates and  calculations  by  which  it  has  been  shown  by  men  of  great  logical 
skill  that  the  British  coal-fields  were,  in  the  course  of  a  few  generations, 
to  be  "  used  up.11  Statistics,  it  is  said,  may  be  used  to  produce  any,  no 
matter  what,  result.  The  only  deduction  now  endeavoured  to  be  drawn 
from  them  *  is  that  after  no  long  period  the  maximum  of  the  production  of 
British  cud  will  have  been  attained.  The  basis,  however,  seems  too 
limited,  but  no  better  is  to  be  had;  also,  the  conclusions  herein  arrived 
at  by  euk-uhii  inn  are  far  too  high.  On  reference  to  the  Table*  it  will  be 
found  that  the  number  of  persons  employed  underground  has  decreased 
from  386,581)  in  1873  to  379,067  in  1881 ;  that  the  production  has  in- 
creased, notwithstanding,  from  128t5Ut4O0  in  1873  to  154,056,715  tons 
in  1881,  or,  in  other  words,  that  in  1873,  when  there  was  full  employ- 
ment, the  production  per  person  employed  underground  was  332^  tons, 
whereas  in  1881,  when  want  of  employment  was  the  general  complaint, 
the  production  was  40ti£  tons.    But  this  must  have  a  limit. 
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THE  DALTONGANJ  COAL-FIELD. 


Br  J.  H.  GIIANT. 


Daltonganj  is  a  civil  station  on  the  banks  of  the  Koel,  about  85  degrees 
east  longitude  and  24  degrees  north  latitude,  and  about  80  miles  south- 
west of  flya,  which  latter  is  a  town  of  some  importance,  being  in  commu- 
nication, by  a  branch  line,  with  the  Great  Indian  Railway  running  from 
Calcutta  to  Delhi,  and  about  115  miles  due  south  of  the  flanges. 

Immediately  to  the  north  of  this  station  is  the  Daltonganj  coal-field, 
a  description  of  which,  giving  all  the  information  connected  with  the 
geology  of  the  country  which  was  known  up  to  1869,  is  given  by  Mr.  Thco. 
W.  II,  Hughes,  F.G.S.,  in  the  "Memoirs  of  the  Geological  Survey  of 
Iodia,"  1872,  p,  325.  This  coal-field  is  nearly  ISO  miles  due  west  of  the 
Kurhurballee  Coal-field,  so  ably  described  by  Dr.  W.  Saise  in  Vol*  XXX. 
of  the  Transactions. 

In  the  middle  of  the  year  1882  the  writer  was  ordered  to  inspect  this 
field,  and,  after  arriving  at  Gya  by  rail,  had  to  make  the  rest  of  his  way 
in  a  polkee,  with  a  "dooly"  (litter)  for  the  luggage,  and  a  nondescript 
conveyance  for  his  servant.  This  part  of  the  journey  lay  through  a  noted 
tiger  jungle  and  was  very  irksome  to  traverse!  there  being  only  one 
station,  Shergatti,  which  lies  on  the  main  road  between  Calcutta  and 
Benares,  This  part  of  the  journey  took  three  days,  travelling  being 
rendered  somewhat  difficult  on  account  of  the  rains  which  had  set  in. 

In  speaking  of  this  coal-field  Mr.  Hughes  says,  p.  329  of  the  Memoirs 
before  referred  to: — 

"  Hitherto  it  has  been  the  custom  to  call  this  field  the  Palamaun  (or 
Palamow)  and  not  the  Daltonganj  coal-field.  There  are,  however,  many 
coal-bearing  areas  within  the  district  of  Palamaun,  and  the  name,  conse- 
quently, of  the  Palamaun  field,  as  applied  to  any  one  of  them,  is  not 
sufficiently  distinctive. 

"The  designation  would  be  admissible  did  any  Coal-measures  occur 
near  the  town  of  Palamaun;  but  that  town  happens  to  be  far  distant 
from  any  locality  in  which  Coal-measures  exist. 

"To  indicate,  therefore,  more  precisely  the  geographical  position  of 
the  field  I  am  now  describing,  I  have  thought  it  better  to  discard  the  title 

vol.  xjexn.— iml  ™ 
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of  Paternally  and,  in  seeking  a  fresh  name,  to  adopt  that  of  'Daltonganj,* 
from  the  civil  station  of  Daltonganj,  which  lies  just  beyond  the  southern 
borders  of  the  field." 

Tlir  amnnpanying  Map,  Plate  XIII.,  will  assist  the  reader  in  following 
the  description  of  the  coal-field. 

Palamaun  is  a  sub-division  of  the  district  of  Lohardagga,  and  a  part 
of  the  Chotsi  Nagprir  district,  and  is  situated  about  80  miles  nearly  due 
south  of  Gya.  The  suddir,  or  chief  station,  is  Daltonganj,  a  pretty  little 
place  on  the  banks  of  the  Koel  river. 

The  general  appearance  of  Palumaun  is  that  of  a  hilly  district.  A  suc- 
cession of  hills  and  hill  ranges  meet  the  traveller  on  all  sides.  Cultivation 
therefore  is  sparse,  and  the  people  depend  more  upon  what  are  known  as 
jungle  products  than  on  ordinary  crops,  such  as  lac,  tasar  silk,  niowah, 
etc.  The  country  is  thinly  inhabited,  and  the  villages,  compared  to  those 
of  lower  Bengal,  notably  Burdwan,  Beerbhoom,  and  Hooghly  districts, 
small,  mean,  and  poverty-stricken.  The  population  is  chiefly  Hindoo 
and  embraces  the  usual  castes,  from  the  brahmin  (priest)  to  the  luchtur 
(sweeper). 

The  Daltonganj  field  comprises  an  area  of  about  200  square  miles,  but 
of  this  not  more  than  25  can  be  taken  as  belonging  to  the  Carboniferous 
formation. 

The  general  appearance  of  the  Daltonganj  field  is  that  of  an  undu- 
lating plain,  intersected  by  broad  and  shallow  streams,  dry,  "r  nrarls  > 
during  the  cold  and  hot  seasons,  but  rapid  and  dangerous  torrents  during 
the  rains. 

The  principal  rivers  are  the  Koel,  a  tributary  of  the  Son  which  flows 
into  the  Ganges  near  Dinapoor,  the  Amanat,  and  the  Jinjoi,  tributaries 
of  the  Koel 

Adopting  the  method  of  the  Geological  Survey  of  India,  the  following 
is  the  usual  sequence  of  the  Carboniferous  rocks  in  this  country: — 
III. — Panchdt,  from  a  hill  of  that  name. 
L — Upper. 
2. — Lower. 
II. — Damiida,  from  the  river  of  that  name. 

1.  — Raniganj  series, 

2.  — Carbonaceous  shales. 
8. — Burakar  or  Lower  Damuda, 

I. — Talchir  (at  base). — This  may  be  looked  upon  a&  the  bottom  bed 
or  *' farewell"  rock. 
In  the  Daltonganj  field  the  Talchir  series,  and  the  Lower  Damudas  or 
Barakars,  are  the  only  representative*  of  the  coal-hearing  rocks. 
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Of  the  Talchir  little  need  be  said:  they  are  well  developed,  displaying 
the  usual  lithological  peculiarities  which  characterize  the  aeries — boulder 
bed,  sandstones,  and  shales.  In  the  Daltongunj  urea  the  sandstones 
predominate,  the  dip  is  slight,  and  but  little  faulting  is  apparent.  The 
total  thickness  may  be  about  tiOQ  feet 

To  the  palaeontologist  this  series  is  utterly  devoid  of  interest. 
The  Darnudas  series  is  represented  by  the  Barakar  group  only. 
Although  true  Barakars,  any  one  acquainted  with  the  typical  rocks  in  and 
around  Barak ar  only  would  have  some  difficulty  in  recognising  these  sand- 
stones as  being  part  and  parcel  of  the  Carboniferous  series,  instead  of  the 
dense  fine-grained  grey  sandstones,  which  are  so  highly  valued  as  building 
material,  and  the  coarse  micaceous  sandstones,  with  the  accompanying 
conglomerate  beds  so  well  known  at  Barakar.  There  are  found  in  the 
Daltonganj  field  fine  smooth  yellow  sandstones  with  but  a  faint  trace  of 
~ca,  very  friable,  and  of  no  economic  value.  Several  seams,  which  it  was 
e  writer's  good  fortune  to  discover,  are  marked  on  the  map  in  red. 
aking  the  Barakar  group  (colour*  <3  srpiu  i  and  beginning  itL  the  east,  the 
lowest  beds  seen  are  exposed  in  the  bed  of  the  Amanat  river,  north  of  the 
village  of  Kuraand.  The  beds  arc  soft  yellowish  sandstones  with  several 
thin  and  very  impure  seams  of  coal. 

At  Kiimand  there  are  two  seams  of  impure  coal,  one  1  foot  inches, 
and  the  other  2  feet  thick,  they  arc  of  DO  economic  value.  Proceeding 
down  the  Amanat  a  series  of  sandstones  and  shales  are  seen,  with  a  low 
dip,  and  false  bedded.  No  coal  appears  for  some  5  miles ;  but  near  the 
village  of  Meral  on  the  Jinjoi  river,  four  seams  present  themselves,  and  at 
this  spot  the  writer  had  a  couple  of  bore-holes  put  down,  one  just  north- 
west of  the  village,  and  the  other  on  the  opposite  bank  of  the  Jinjoi. 
The  sections  these  holes  gave  are  as  follows,  and  prove  the  existence  of  a 
valuable  and  rich  field  : — 


BOKE-HOLE  No.  1. 

pt 

Alluvium 

...  6 

Yellow  sandstones 

...  28 

Shale   

...  2 

Cod   

...  8 

Shale   

...  1 

Sandstone 

...  6 

Shale 

...  1 

Coal 

6 

Sandstone 

19 

Coai 

4 

Sandstone         ...        ...       ...  **< 

...  7 

Coal   

...  8 

Shale 

...  2 
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BORE-HOLE  No.  2. 


Ft. 

Alluvium   

  7 

Sandstone   

 43 

Coal   

  6 

Sandstone   .* 

 11 

Coal   

  6 

Sandstone   

 17 

Coal   

  4 

Sandstone   

  5 

Coal   

  10 

Shale   

  1 

Talchir  sandstone   

110 

Mr.  Hughes  is  perhaps  inclined  to  somewhat  undervalue  the  impor- 
tance of  this  coal-field;  of  course,  if  compared  to  the  Banig&nj  or  Kurhur- 
ballee  fields,  it  must  rank  as  a  small  one,  but  looking  to  its  position,  situated 
so  far  from  any  other  source  of  supply,  the  writer  considers  it  as  a  most 
valuable  addition  to  the  mineral  wealth  of  this  singularly  favoured  land. 

As  regards  the  quality  of  the  mineral,  it  will  favourably  compare  with 
many  of  the  R&nig&nj  coals.  The  following  are  the  results  obtained  from 
samples  which  had  been  exposed  to  the  iiir  during  one  whole  tropical  rainy 
season: — 

1. 

Ptr  Omi. 


Carbon 
Volatile  matter 
Ash   


Carbon 

Volatile  matter 
Ash   


II. 


21 
14 

100 


67 
19 
14 

100 


III. 


Carbon  

Volatile  matter 
Ash   


20 
14 

100 


IV. 


Carbon 

Volatile  matter 
Ash   


69 
23 
8 


100 
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Mr.  Hughes  in  his  report  to  the  Government  Bays: — "10  to  18  per 
cent,  of  ash  is  in  excess  of  the  better  kinds  of  Damiida  coal  (Raniganj), 
bnt  for  ordinary  purposes  this  amount  of  inorganic  matter  is  no  serious 
drawback.  The  coal  of  this  field  is  capable  of  performing  the  work 
which  Raniganj  coal  has  hitherto  accomplished," 

The  total  quantity  ot  coal  actually  available  is  put  down  by  Mr. 
Hughes  at  11,600,000  tons.  The  writer  Is  inclined  to  place  the  total 
available  quantity  at  nearly  double  those  figures,  for  Mr.  Hughes  has 
apparently  not  taken  into  consideration  the  available  fuel  at  Meral  (see 
Plate  XIII.),  but  has  based  his  calculations  on  the  coal  at  liajhcra  in  the 
extreme  north  of  the  field, 

A  scheme  is  now  before  the  Secretary  of  State  for  India  which  has 
received  the  sanction  of  the  Local  Government  for  the  utilization  of  this 
field  by  the  construction  of  a  railway  to  a  place  called  Baroon  at  the 
head  of  the  Son  canal  system,  which  would  bring  the  fuel  into  favour- 
able competition  with  the  Raniganj  or  Kurlmrballee  coals  as  regards  the 
important  trading  centres  of  Buxar,  Dinapoor,  Benares,  and  Allahabad, 
to  say  nothing  of  the  local  demands  which  a  railway  always  creates. 
The  following  is  copied  from  the  "Coal  Resources  and  Production  of 
India  f* — 

COALS  RAISED  BETWEEN  THE  YEARS  1859  AND  1862. 

Maundn/ 

1859    28,648 

1860   30,900 

1861  ...       .„    33,343 

1862   43,772 

The  quarries  have  not  been  worked  since  1862. 
In  addition  to  the  coal  the  Talchir  group  furnishes  a  iiue-gniincd 
sandstone  to  the  builder,  and  iron  ores  are  abundant. 

Kankar,  or  what  is  known  as  ghooting  limestone,  a  pebbly  carbonate 
of  lirne,  is  to  be  found  in  large  quantities  in  almost  all  parts  of  the  field; 
but  although  iron  and  sufficiently  good  limestone  as  a  flux  are  abundant, 
the  writer  does  not  think  that  iron  smelting  could  be  carried  on  in  the 
district  with  the  coal;  for  a  few  years  charcoal  furnaces  might  be  run, 
but  Indian  jungle  requires  from  five  to  seven  years  to  recoup  itself,  and, 
therefore,  fuel  would  soon  become  both  Bcarce  and  expensive;  but  as  a  coal- 
field, considering  the  position,  it  is  one  of  the  most  important  in  Bengal, 
and  has  been  most  undeservedly  neglected  by  both  capitalists  and  the 
Government ;  indeed  it  is  only  since  the  advent  of  the  present  Viceroy 

*  27  i  mum  id*  make  one  ton  at'  2, 2  tt)  lbs. 
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that  private  enterprise  has  been  encouraged,  and  the  writer  is  in  great 
hopes  of  seeing  this  fine  field  fully  developed  and  yielding  its  fair  share 
towards  the  necessities  of  the  Imperial  Exchequer. 

Summing  up  the  various  facts  stated  in  this  short  and  very  imperfect 
paper  it  will  be  seen  that  in  an  area  of  some  twenty-five  square  miles  no 
less  than  28  feet  of  coal  exists,  and  the  writer  is  quite  sure  that  a  more 
careful  examination  than  he  was  enabled  to  undertake  would  prove  the 
field  much  richer  than  he  has  described  it;  and  it  becomes  a  matter  of 
surprise  that  no  one  has  been  found  to  take  up  the  work  aud  bring  it  to  a 
successful  and  satisfactory  issue. 

As  before  stated,  a  scheme  is  under  consideration  to — 

1.  — Work  the  coal  deposits. 

2,  — To  construct  a  light  gauge  railway  from  the  mines  U>  Baroon, 

on  the  Son  river,  a  distance  of  about  56  miles. 
8. — To  establish  a  system  of  towage  on  the  Son  canals,  by  means 
of  a  submerged  wire  mpe  and  clip  drums  working  on 
I  utiles;  tin'  canal  authorities  objecting  to  the  use  of  steam 
propellers  in  the  canals,  on  account  of  the  injurious  action 
on  the  sides  and  slopes. 
Should  the  project  succeed,  a  large  quantity  of  useful  fuel  would  be 
rendered  available  for  the  numerous;  and  yearly  increasing  8tate  Railways 
of  India, 


Mr.  Chaiu-es  Huntings  paper  "On  the  Feeding  and 
of  Colliery  Horses 1  wns  then  discussed  : — 

The  President  asked  Mr.  Hunting  if  he  bad  anything  further  to  say 
on  the  subject  of  ensilage? 

Mr.  Hunting  said,  that  the  question  of  ensilage  was  being  disc 
in  the  agricultural  world,  and  The  Times,  The  Field,  and  other  papers 
were  constantly  publishing  letters  from  men  who  had  used  it  very  largely, 
and  he  did  not  know  anyone  yet  who  took  any  ground  in  opposition  to  it, 
but  he  could  not  speak  of  the  advantage  unless  he  had  tried  it  himself. 
It  had  been  tried  in  the  South  of  England  to  some  extent  and  with  some 
success  both  for  horses  and  cattle,  but  he  believed  more  especially  for 
cattle.  There  was  great  discrepancy  between  the  cost  of  silos,  and  if  any 
gentleman  wished  to  try*  the  experiment  he  most  be  careful  in  obtainin 
estimates,  which  varied  from  £40  to  £G00. 

Mr.  Green  asked  Mr  Hunting  if  he  had  had  any  experience  of  m 
in  pits? 
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Mr,  Hunting  said,  he  bought  a  dozen  or  two  mules  after  the  Egyptian 
war  and  tried  them  in  the  pits,  and  the  result  of  the  experiment  had  not 
been  very  satisfactory.  The  mules  were  very  hardy  brutes,  hut  were  ex- 
tremely obstinate.  Out  of  eight  tried  in  Ryhope  pit  four  were  absolutely 
useless.  The  mules  were  very  cunning  and  could  not  be  got  to  pull,  and 
he  did  not  think  they  were  likely  to  be  of  benefit  to  the  coal-ownera,  and 
most  certainly  not  unless  got  very  cheap, 

Mr.  Green — In  mines  in  the  United  States  they  use  them  entirely, 
Mr.  Hunting — Yes;  Mr.  Routledge  used  them  very  largely  when  in 
America,  and  it  was  on  bis  suggestion  that  he  (Mr.  Hunting)  bought  the 
mules.  No  greater  care  could  be  taken  of  them,  as  Mr.  Rout.lcdge  was 
the  superintendent  of  their  work,  and,  of  course,  saw  that  they  received 
fair  play;  notwithstanding,  the  experiment  had  not  been  successful. 

Mr,  William  Logan  said,  in  discussing  this  paper,  it  may  be  as  well 
at  the  outset  to  draw  the  attention  of  the  members  to  the  fact  that  the 
greater  portion  of  it  was  published  by  the  author  eight  years  ago.  There 
are  certainly  a  few  omissions  and  some  new  matter  in  the  present  paper, 
but  the  author's  system  of  feeding  cannot  well  be  understood  without  re- 
ferring to  his  former  publication,  as  in  both,  taken  together,  he  seems  to 
claim  by  implication  to  be  the  introducer  of  a  certain  defined  mixed  system 
of  feeding  horses,  and  this  he  (Mr.  Logan)  wished  to  call  in  question. 

The  materials  used  in  compounding  the  horse  food,  however  they  may 
be  varied  in  quantity,  even  to  the  occasional  omission  of  one  of  them,  are 
maize,  oats,  barley,  peas  or  beans,  and  hay.  The  author  prefaces  the 
publication  of  1874  with  testimonials  to  show  the  date  at  which  his 
mixed  system  of  feeding  came  first  into  operation,  and  from  one  of  these 
it  is  stated  as  18;"iL  At  page  75  of  the  present  paper,  however,  it  is 
admitted  that  it  was  not  until  the  year  1867  that  he  recognised  that 
maize  was  a  good  ingredient  of  horse  food,  and  then  only  alter  it  had 
been  proved  beyond  all  doubt  by  others;  and  not  until  1868  that  he  used 
it.  He  had,  it  is  true,  tried  it  at  South  Hetton  in  1853,  and  ascribed 
its  failure,  as  he  usually  does  all  failures  of  a  similar  kind,  to  the  want 
of  co-operation  of  the  colliery  officials.  But  one  would  have  scarcely 
thought  that  such  a  shrewd  observer  as  Mr.  Hunting  would  in  1861  have 
come  to  the  conclusion  "that  maize  was  a  valuable  food  for  cattle,  pigs, 
and  poultry,  but  not  for  horses." 

It  may  be,  therefore,  observed  that  maize  is  not  one  of  the  grains  that 
he  can  claim  as  having  introduced  in  the  mixed  system  of  horse  feeding, 
although  now  in  his  most  approved  formula  for  mixing  grains,  maize 
forms  46  per  cent,  of  the  mixture. 
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As  to  oats,  barley,  peas,  and  beans,  it  is  hardly  worth  while  taking  up 
the  time  of  the  members  to  prove  that,  long  prior  to  1851,  the  latter  three 
were,  when  found  economical,  used  in  conjunction  with  the  first*  and  that 
in  all  eases  the  peas  and  beauB  were  split  or  crushed,  bran  being  occa- 
sionally added  to  give  bulk  to  the  mixture. 

The  author  admits,  at  page  84,  that  a  *  mixture  of  oats,  beans,  and 
bran,  can  be  formed  capable  of  meeting  any  fair  muscular  waste." 

A  good  deal  of  the  paper  is  taken  up  by  an  attempt  to  throw  discredit 
on  oats  as  a  horse  food  either  alone  or  in  combination.  The  author  givea 
a  good  many  axioms  in  the  paper,  and  the  first  is,  that  horses,  to  do 
their  work,  must  be  kept  in  condition,  going  on  to  show  (page  63)  that 
"there  are  two  things  necessary  to  produce  condition  in  horses — work 
and  food,  or  rather,  hard  work  and  high  feeding,"  It  is  further  stated 
(page  04)  that  "a  sufficiency  of  oats  and  hay,  with  plenty  of  work,  will 
produce  condition"  but  notwithstanding  this  admission  the  author  says 
"the  use  of  oats  as  a  principal  article  of  diet  for  excessively  hard  worked 
horses  is  very  expensive  if  not  injurious,"  and,  in  proof  of  this,  adduces  a 
case  where  horses,  although  allowed  1 68  lbs.  of  oats  and  1 54  lbs.  of  hay 
each  per  week,  were  "  unable  for  want  of  condition,  or  from  positive 
debility,  to  get  the  work  out."  This  excessive  allowance,  excessive  even 
to  16)  hand  horses,  was  apparently  insufficient  to  produce  m  condition." 
It  certainly  does  appear  that  the  alteration  in  the  horses  requires  some 
farther  explanation  than  the  mere  substitution  of  a  lesser  weight  of  peas, 
barley,  oats,  bran,  and  hay, 

At  page  G6  a  Table  is  given  of  the  constituents  <»f  various  foods,  and 
it  is  to  be  presumed  that  the  Table  is  compiled  from  the  best  of  each 
respective  kind,  although  iu  that  relating  to  oats,  as  stated  by  the  author 
and  that  given  by  Mr.  R.  0,  Pringle  in  his  work  on  the  "Live  Stock  of 
the  Farm,"  there  is  an  extraordinary  discrepancy,  which  is  shown  aa 
follows ; — 


Mr  Hunting  Mr  PrlitfU. 

Water   116  ...  14-0 

Woodj  Abre    20  8  7*0 

Starclu  gtim,  *«gar»  mid  fut   62kO  . . .       64  5 

Xitrogoiiou*  mutter   12  5  116 

Aah  or  naUnc   3-0  30 


He  (Mr.  Ijogan)  agreed  with  the  author  that  oats  "should  be  sound, 
sweet,  a  year  old,  and  their  natural  weight  should  be  at  least  40  lbs.  per 
bushel but  he  did  not  agree  in  his  condemnation  of  all  foreign  oaU,  as 
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the  immense  number  of  horses  kept  in  this  country  could  not  he  fed,  even 
if  oats  formed  only  a  small  proportion  of  their  food,  with  the  short  potato 
oats  grown  here. 

It  may  be  interesting  to  produce  a  statement  showing  the  quantities 
for  six  months  ending  December  31st,  1882,  not  only  of  outs  but  of  all 
grain*  used  for  horse  food  imported  into  and  distributed  by  the  north- 
eastern ports.  The  statement  very  well  illustrates  ihe  magnitude  of  the 
subject  discussed,  and  comprises  the  ports  of  Newcastle,  Tyne  Dock, 
Sunderland,  and  West  Hartlepool : — 


Cwu,  Per  Cent. 

Midjse                                    246,986  -  4411 

Peas                                         137.272  «  2462 

Beans         ...                             6,133  -  MO 

Mi                                     169,506  =  30-27 


559.897       -  10000 


This  Table  shows  the  imports  of  grain  of  the  respective  kinds  for  six 
months,  and  while  it  cannot  be  stated  that  it  is  all  consumed  as  horse  food, 
yet  practical  men,  fully  conversant  with  the  trade,  state  that  per  cent,  is  so 
consumed,  in  the  proportions  given  in  the  percentage  column.  He  was 
similarly  assured  that  of  the  8,475  tons  6  cwts.  of  oats  imported,  fully 
70  per  cent,  were  from  foreign  countries,  so  that  foreign  oats  enter 
largely  into  the  composition  of  horse  food  in  the  two  northern  counties; 
indeed  he  knew  of  one  large  firm,  employing  more  horses  than  any  one  of 
the  firms  the  author  alludes  to,  that,  during  the  last  six  months  of  1882, 
used  30  per  cent,  of  the  finest  quality  of  nu dried  foreign  oats  in  their 
horse  food,  that  is,  oats  which  had  not  been  kiln-dried  or  sulphured, 
without  having  had  ft  single  case  of  colic  in  their  stud.  One  lot  of  extra 
fine  foreign  oats  used  by  this  firm  was,  for  the  purpose  of  information, 
submitted  to  a  thorough  analytical  test,  and  the  composition  of  one 
drachm  of  these  oats,  containing  158  corns,  selected  from  the  bulk 
by  the  purchasers,  not  the  sellers,  was  72  per  cent,  of  kernels  and 
25  per  cent,  of  husk.  There  are  many  kinds  oats,  whether  foreign  or 
home  grown;  and  he  had  been  informed  that  very  lately  there  had  been 
bought  and  sent  to  some  of  the  collieries  under  the  authors  charge  some 
black  Finland  oats  which  were  very  heavily  kiln-dried,  so  much  so  that 
before  being  forwarded  from  the  dock  warehouses  they  were  winnowed 
and  watered  to  improve  their  appearance,  and  by  this  process  they 
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gained  about  10  per  cent,  in  weight/  Oats  of  this  class,  which  are 
bought  at  a  very  low  figure,  make  a  very  cheap  horse  food,  but  he 
strongly  deprecated  their  use. 

Before  leaving  the  question  of  oats  he  need  only  further  remark  that  the 
author,  in  his  Table  showing  the  weight  of  husk  in  various  grains,  again 
seems  to  put  oats  in  a  very  bad  light.  It  has  been  shown  above  that  a  sample 
of  even  the  despised  foreign  oats  yielded  only  25  per  cent,  of  husk,  while 
here  short.  Scotch  oats  arc  quoted  as  yielding  28  per  cent.,  and  Elbe  oats 
nearly  39  per  cent,  of  husk.  Of  course,  bad  grain  of  any  kind  is  not  to 
be  recommended  as  horse  food. 

He  quite  agreed  with  the  author  that  barley  is  a  good  food  along  with 
other  grains  for  mixed  horse  food,  but  then  it  ought  to  be  of  the  best 
quality,  and  incmhers  should  not  be  led  away  by  its  cheap  price  in  18*1 
and  1HH2.  It  was  only  unsound  non-malting  barley  that  could  be  bought 
for  8d.  per  stone  in  1881,  and  lOd.  per  stone  in  1882.  When  barley  is 
used  it  ought  to  be  sonnd  and  good  and  such  as  I  maltster  would  use,  and 
when  in  this  condition  it  is  really  dearer  than  maize,  whilst  it  is  inferior 
as  a  feeding  ingredient;  take,  for  example,  the  present  market  prices  for 
fair  sound  average  grain  of  both  kinds,  say  old  maize  at  36s.  per  480  lbs., 
and  barley  34s,  per  448  lbs,,  making  maize  1  2'fld.  per  stone  of  14  lbs., 
and  the  same  weight  of  barley  12'75d. 

He  mentioned  this  to  show  that  it  is  unfair  to  quote  unsound  barley 
against  sound  maize;  and  also  to  show  that,  so  long  as  the  price  of  sound 
maize  does  not  materially  exceed  the  price  of  sound  barley,  maize  is  the 
best,  where  condition  in  its  best  sense  is  looked  upon  as  economy. 

It  may  he  taken  that,  in  most  establishments  where  large  numbers  of 
horses  are  kept,  the  mixing  of  various  kinds  of  suitable  grains  for  horse 
food  has  been  long  practised,  so  that  if  large  savings  have  been  effected 
the  savings  have  been  pretty  universal. 

The  only  question  upon  which  diversity  of  opinion  may  arise  is  as  to 
the  chopping  and  mixing  of  hay  with  the  grains,  there  being  an  agreement 
that  hay  is  necessary.  There  also  appears  to  be  a  difference  of  opinion  as 
to  the  best  method  of  giving  the  chopped  hay;  some  preferring  to  mix 
the  grains  and  hay  in  one  bag  before  they  are  sent  into  the  mine,  and 
others  sending  them  in  separate  bags,  in  which  case  the  chopped  hay  is  put 
into  the  manger  first  and  the  grains  then  added,  and  slightly  mixed  with 

•  It  may  be  u  well  to  oWrve  here  that  Mr.  Hunting  states  that  tbeae  oati  were 
returned  at  not  according  to  sample,  and  that  the  teller  had  to  pay  the  railway  dam 

and  all  the  cipenaev  attending  loading,  unloading,  storage,  etc.,  etc. 
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the  hay.  He  (Mr,  Logan)  had  a  preference  to  giving  long  hay, and  that  in 
a  separate  rack  from  the  grains,  and  in  a  carefully  conducted  establishment 
there  is  as  much  economy  with  the  one  system  as  the  other,  but  he  was 
afraid  that  ultimately  it  must  be  left  to  individual  judgment,  as  it  is  im- 
possible to  elicit  information  from  the  horse  as  to  his  taste  in  the  matter* 
If,  however,  it  be  taken  for  granted  that  a  man  had  •  certain  quantity  of 
fish,  flesh,  and  pastry,  with  their  concomitants,  cooked  for  his  dinner, 
and  was  told  that  a  certain  proportion  of  each  would  sustain  him  in 
condition,  he  would  no  doubt  accept  them  without  question  and  eat  them 
in  the  ordinary  way;  but  if,  without  altering  the  constituents  or  their 
proportions,  they  were  all  mixed  together,  he  would  think  it  anything  but 
a  savoury  mess,  although  in  process  of  time  he  might  be  able  to  take  it  io 
default  of  other  means  of  subsistence,  lie  entirely  agreed  with  the  author 
in  his  remarks  on  the  value  of  green  tbod. 

On  pages  90,  92,  and  93,  the  author  gives  some  tabular  statements 
as  to  the  cost  of  feeding  and  the  savings  effected ;  but,  as  he  himself  says 
at  page  ** tabular  statements  of  the  cost  of  feeding  show  absolutely 
nothing  save  by  comparison  with  others,  and  a  comprehensive  estimate 
should  include  not  only  the  cost  of  food,  but  the  cost  of  horse  flesh  and  the 
amount  of  work  done."  The  amount  of  work  done  is  the  real  test,  and 
this  the  author  has  attempted  to  show  by  giving  the  weight  of  coal  drawn, 
which  is  entirely  misleading,  as  coal  can  be  brought  to  the  bottom  of  the 
pit  and  to  bauk  without  any  horses*  The  only  thing  which  the  Tables 
appear  to  be  intended  to  show  is  the  great  saviug  effected  by  a  mixed 
system  of  feeding,  but  this  is  illusory.  If  a  bystem  of  mixed  feeding 
had  been  adopted  at  the  collieries  under  the  author's  charge  and  at  no 
other,  then  he  could  have  understood  this  saving ;  but  as  he  (Mr.  Logau) 
has  shown  the  system  of  mixed  feeding  is  nearly  universal,  there  can  be  no 
saving  at  any  of  the  collieries  enumerated  over  other  large  collieries*  As 
well  might  a  colliery  viewer  prepare  a  Table  showing  the  differeuce  between 
the  method  of  leading  coals  underground  now  and  that  prevailing  60  years 
ago,  and  claim  that  at  the  collieries  he  managed  he  had  effected  an  ex- 
ceptional saving  of  thousands  of  pounds,  ignoring  the  fact  that  others  had 
adopted  the  improved  haulage  also. 

If  the  author  had  given  the  average  cost  per  week,  or  per  year-,  of  the 
various  sizes  of  horses  and  ponies,  averaged  through  the  whole  of  the 
collieries  under  his  charge,  it  could  have  either  been  admitted  or  contro- 
verted that  other  large  establishments  with  their  management  could  or 
could  not  do  equally  well. 
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There  are  plenty  of  other  large  establishments  where  the  system  of 
buying,  of  feeding,  and  of  working  their  horses  and  ponies  will  compare 
with  any  the  author  quotes. 

It  is  the  usual  practice,  as  the  author  will  allow,  where  large  numbers 
of  horses  are  owned  by  one  firm,  to  employ  competent  veterinary  surgeons, 
aud  buyers,  and  inspectors  of  their  stud,  and  the  highest  attention  is  given 
to  the  purchasing,  preparation,  and  distribution  of  the  food  ;  and  they 
will  learn  with  astonishment  and  doubt  the  assertion  that  there  "are 
several  hundred  ponies  in  pits,  not  two  years  old,  that  have  been  under- 
ground a  year/* 

The  author,  on  page  GS,  remarks  on  the  practice  of  buying  horses  and 
ponies  from  a  dealer  one  day  and  putting  them  to  excessive  work  the 
next.  This,  bo  far  as  he  (Mr.  Logan)  knew,  was  not  the  practice,  aud 
others  of  more  experience  would  agree  with  him.  The  author  then  goes  on 
to  wonder  that  "such  a  palpable,  common-sense  matter  should  be  so  often 
overlooked  by  the  managers  of  collieries  ;%  he  also  wondered,  and  wondered 
where  it  occurred  ? 

This  is  followed  up  by  a  statement  on  the  same  page,  to  which  he  must, 
as  a  colliery  manager,  give  his  unqualified  contradiction,  and  he  hoped  he 
would  be  supported  by  every  colliery  manager  worthy  of  the  name.  The 
statement  is — "the  still  more  common  practice  of  working  underground 
animals  twenty  to  forty  hours'  shifts  without  their  harness  being  taken  off." 

He  had  known  the  Northumberland  and  Durham  pitmen  for  over 
twenty  years,  but  he  was  not  aware  that  they  "ate  daily  from  12  to  24  ozs, 
of  flesh  food/1  About  8  ozs.  would  be  found  a  very  fair  and  liberal  average. 

In  conclusion,  he  had  to  draw  attention  to  a  Table  on  page  94  as  to  the 
average  length  of  life  of  pit  horses,  which  he  thought  might  be  valuable 
for  comparison.  He  was,  however,  astonished  by  the  first  given,  vis,, 
"Bearpark,  12  years,"  knowing  that  this  colliery  was  not  commenced  to 
be  sunk  until  1872, 

The  paper  might  or  might  not  be  valuable  as  a  contribution  to  the  Pro* 
ceediugs  of  the  Institute,  but  he  thought  the  author  ought  to  have  recorded 
the  fact  that  to  a  very  large  extent  it  had  been  already  published;  and, 
in  his  opinion,  the  whole  of  the  previously  published  paper  might  have 
been  given  to  the  Institute  with  the  preface  and  testimonials,  and  the 
new  matter  added  as  an  appendix,  even  if  it  had  required  a  few  more 
testimonials  of  more  recent  date. 

The  P  reddest  thought  Mr.  Logan  had  misunderstood  the  figures 
about  Dun-park.    Mr.  Hunting  did  not  mean  that  the  horses  had  been 
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there  twelve  years,  but  that  their  average  length  of  life  had  been  twelve 
years.  Whenever  the  colliery  commenced  the  homes  must  have  had  some 
age  when  they  were  brought  there. 

Mr.  A.  L.  Stkavknson  asked  whether  it  was  not  better  to  give  hay 
in  the  state  in  which  it  could  be  selected,  and  the  bad  taken  out  and 
thrown  away,  rather  than  give  it  chopped  up,  when  its  quality  could 
not  be  so  easily  ascertained  ?  As  to  the  woody  fibre  mentioned  in  the 
case  of  oats,  was  it  entirely  useless  as  food?  His  impression  was  that  it 
might  keep  other  food  open,  so  as  to  allow  secretion  to  take  place,  and 
so  was  good,  although  not  of  a  feeding  character.  Some  horses  in  Cleve- 
land had  been  referred  to ;  they  were  large  powerful  horses,  and  would 
fetch  in  the  market  about  £70  each.  Pit  horses  were  going  8  hours,  but 
these  horses  were  going  for  7^  hours;  although  they  did  not  go  so  fast 
or  travel  the  same  distance  as  pit  horses,  he  had  no  doubt  they  did 
as  much  work.  His  impression  as  to  feeding  was  that  crushed  English 
oats  mixed  with  beans,  and  good  uncut  hay,  formed  a  class  of  food  im- 
possible to  beat.  A  veterinary  surgeon  said  that  maize  given  to  horses 
was  injurious,  and  that  in  fact  several  horses  had  died  from  the  effects  <>f 
it.  That  was  the  experience  of  Mr.  Barker,  of  Middlesbrough,  who  had 
charge  of  perhaps  all  the  horses  in  Cleveland.  Oats  alone  were  not  good 
feeding,  but  mixed  with  beans  and  peas  they  formed  a  kind  of  food  that 
could  not  be  surpassed, 

Mr.  May  said,  he  agreed  with  Mr.  Hunting  in  regard  to  the  chopping 
of  hay.  At  his  place  there  were  between  300  and  400  horses.  Formerly 
the  hay  was  not  chopped,  and  there  was  greai  v..-h-.  Anyone  who  had 
observed  the  uncut  hay  go  down  the  pit  in  bundles  on  a  wet  day,  and  now 
saw  the  cut  hay  go  down  in  bags,  would  appreciate  the  difference,  and  if 
they  examined  it  in  the  hay-board  would  be  satisfied  that  chopping  hay 
was  as  great  an  advantage  to  the  horse  as  the  saving  in  cost  at  the  end 
of  the  year  was  to  the  owner.  He  was  formerly  a  non-believer  in  the 
chopping  of  hay,  but  after  three  years  experience  he  thought  it  a  great 
advantage  to  the  horses  aud  a  great  saving  to  have  hay  chopped. 

Mr.  E.  P.  Boyd — Is  the  chopped  hay  given  separate  from  the  other 
food,  or  is  the  food  all  mixed  together  ? 

Mr.  May — A  little  of  the  chopped  hay  is  put  among  the  oats  to 
prevent  the  horses  bolting  their  food. 

Mr.  Birkett  (Farm  Manager  to  Messrs.  Bolckow,  Yaughan,  and 
Co.)  said,  that  after  twenty  years  experience  they  found  it  best  to  mix 
the  chopped  hay  with  the  corn.  He  would  like  to  have  more  informa- 
tion about  the  average  Life  of  colliery  horses.    Mr.  Hunting  stated  that 
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in  some  cases  it  was  twelve  years.  If  that  period  was  divided  by 
four,  it  would,  in  his  opinion,  come  nearer  the  mark,  unless  one- 
third  more  horses  to  do  the  same  work  were  employed.  At  their  col- 
lieries maize  had  been  used  faff  a  gTeat  number  of  years,  although  Mr, 
Barker,  the  veterinary  surgeon  in  Cleveland,  always  condemned  maize. 
Maize  was  best  mixed  with  other  food.  One  speaker  had  said  that 
because  hay  was  chopped  all  the  had  hay  would  be  used.  That  was  not 
the  case,  as  the  hay  was  sorted  before  it  was  taken  to  the  cutter* 

Mr.  Stkayeh&on — Mr,  Barker's  opinion,  after  opening  a  horse  which 
had  been  tn.l  mm  maize,  is  that  maize  is  not  the  best  food;  and  this 
opinion  from  a  man  like  Mr.  Barker  is  valuable, 

Mr,  Bibkett — Maize  mixed  with  other  food  has  been  the  cheapest 
and  best  food  for  horses,  but  in  the  past  year  it  has  lieen  too  dear, 

Mr.  Burnett  said  Mr,  Hunting,  in  his  paper,  stated  that  in  order  for 
hard  work  to  be  performed  by  hurws  lbud  containing  a  heavy  percentage 
of  albuminoids  must  be  used.  He  agreed  with  Mr.  Hunting's  system  of 
feeding.  He  could  not  say  that  he  (Mr.  Burnett)  sfwke  from  ex- 
perience ;  but  from  the  theoretical  instruction  he  received  he  learnt  that 
the  food  of  young  growing  animals  should  contain  a  sufficient  quantity 
of  nitrogenous  matter  in  order  that  new  tissues  might  be  formed  ;  but  that 
animals  of  mature  age  should,  to  perform  work,  be  fed,  like  a  steam 
engine  in  proportion  to  the  work  done,  and  then  fat  and  starch  wei 
required  in  the  food.  He  had  corresponded  with  a  gentleman  on  this 
subject  who  was  intimately  acquainted  with  Kockhampstead,  where  Mr. 
Laws  had  conducted  the  most  valuable  experiments  of  the  age  in  con- 
nection with  the  subject,  and  that  gentleman  seemed  to  be  of  the  same 
opinion  as  himself  in  regard  to  the  theoretical  part  of  Mr,  Hunting's 
paper.  He  agreed  with  Mr.  Logan  that  Mr.  Hunting  seemed  to  be 
rather  hard  upon  oats.  Mr,  Hunting  gave  25  per  cent,  of  fibre  in  oats. 
The  works  he  had  consulted  and  the  lectures  he  attended  at  Cirencester 
gave  between  lu  and  H  per  cent,  of  fibre.  Jt  was  possible,  however, 
there  might  be  some  misunderstanding  as  to  what  fibre  was.  In  the 
books  he  had  consulted  it  meant  the  undissolved  fibre  after  treatment 
with  and.  He  might  mention  that  in  the  German  experiments  it  had 
been  found  that  a  considerable  percentage  of  albuminoids  was  required 
to  keep  an  ox  in  condition. 

Mr.  Clemest  Stkphkxsox,  Veterinary  Surgeon,  said  he  did  nor  come 
to  the  meeting  prepared  to  say  anything  upon  the  subject,  as  he  had  not 
read  Mr.  Huntings  paper.  He  believed  all  hay  ought  to  be  chopped, 
and  he  was  quite  smv  it  would  In-  a  great  saving.    He  did  not  know 
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that  there  was  much  nutrition  in  the  hay,  but  it  was  useful  to  fill  the 
large  intestines;  and  he  even  thought  it  would  be  a  proper  thing  to  mix 
a  certain  quantity  of  straw  with  the  hay  in  chopping.  No  lmd  hay  should 
be  chopped,  and  all  dirt  and  dusL  should  be  taken  out  of  the  hay  before 
giving  it  to  horses.  He  had  not  much  faith  in  maize.  When  maize  was 
cheap  it  would  do  to  mix.  Horses  for  colliery  work  wanted  a  large 
amount  of  beans  and  peas ;  they  wanted  a  large  ipiantity  of  nitrogenous 
food  to  help  them  in  doing  hard  work  \  and  lie  did  not  think  they  got 
that  in  maize.  For  hard  work  oata  were  required.  Oats,  beans,  peas,  and 
especially  bran,  were  a  good  mixture. 

Mr.  T.  W.  Benson*  said,  that  in  regard  to  Mr.  Hunting's  statement  as 
to  ponies  under  two  years  old  being  sent  underground,  he  came  across  a 
paper  by  Professor  Brown,  of  the  Veterinary  Department  of  the  Privy 
Council,  which  confirmed  much  that  Mr.  Hunting  had  said—  that  roiuih 
forest  ponies  lost  their  aspect  of  colthood  very  soon,  and  it  often 
happened  that  a  yearling  was  mistaken  for  a  five-year-old,  and  a  two- 
year-old  for  a  six-year-old. 

Mr.  F.  Stobart  said,  that  at  the  colliery  he  had  been  connected  with 
he  had  had  some  experience  of  cutting  and  crushing.  Previous  to  five 
years  ago  the  hay  was  sent  down  uncut,  and  the  borsea  were  fed  on  oats 
and  a  few  j>eas.  At  that  time  a  new  system  was  started  with  consi- 
derable difficulty,  in  the  face  of  much  prejudice.  Under  the  new  system 
the  hay  was  cut,  and  the  horses  were  fed  on  maize  and  beans  or  peas,  and 
sometimes  both;  and  he  found  that  pretty  equal  if  not  greater  work  was 
got  oat  of  the  horses.  The  overmen  started  the  new  system  us  non- 
believers;  but  they  were  believers  in  it  now.  The  stud  was  in  a  better 
condition,  and  there  was  a  great  saving  in  cost.  When  maize  got  to  a 
higher  price  they  discarded  using  so  much  of  it;  aud  he  found  that  he 
did  not  get  from  the  horses  the  work  he  had  previously  got.  He  then 
put  on  nearly  the  amount  of  maize  he  had  used  before,  and  he  got  good 
work  again*  About  45  per  cent,  of  maize,  30  per  cent,  of  oats,  and  25 
per  cent,  of  peas  or  beans,  as  the  ease  might  be,  was  the  present  food, 
and  he  thought  the  best  results  were  got  from  that  mixture. 

Mr.  W*  F,  Hall  said,  that  six  weeks  or  two  months  ago  Mr.  Hunting 
commenced  to  feed  the  horses  at  the  colliery  on  oats,  beans,  and  peas,  as 
maize  was  at  too  high  a  price.  He  (Mr*  Hall)  complained  to  the  colliery 
officials  that  they  were  not  getting  the  work  out,  aud  the  officials  said 
since  the  maize  had  been  discontinued  the  horses  had  lost  condition,  and 
could  not  do  their  work  as  before;  they  were  less  lively  and  energetic. 
He  wrote  to  Mr.  Hunting  that,  whatever  the  cost  might  l>e,  he  must 
return  to  maize  and  keep  the  horses  in  proper  condition. 
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Mr.  Hunting  said,  that  his  system  had  been  strongly  opposed  by 
many  men,  and  frequently  by  those  who  should  have  encouraged  and 
supported  him.  Two  or  three  statements  had  been  made  by  Mr.  Logan, 
which  he  (Mr.  Hunting)  would  have  been  pleased  if  he  had  left  out, 
since  they  were  unaccompanied  by  any  references  which  would  allow  their 
accuracy  to  be  tested.  He  was  glad  to  see,  however,  that  he  had  alleged 
nothing  against  the  three  leading  principles  laid  down  in  the  pajicr,  viz.: — 
(1)  The  importance  of  nitrogenous  foods.  (2)  The  quantity  of  each 
ingredient  used,  to  be  governed  by  the  price  j>er  stone  in  the  market. 
(3)  The  absolute  necessity  of  using  large  quantities  of  corn  for  feeding, 
instead  of  hay,  for  all  horses  heavily  worked:  three  points  that  explain 
nearly  all  the  advantages  of  economical  feeding.  Again,  Mr,  Logan  says, 
"  the  mixing  of  suitable  grain  for  horses  has  long  since  been  practised,  and 
was  not  suggested  at  the  places  over  which  the  author  had  control,  and  that 
the  saving  pretended  to  have  been  effected  is  1  illusory/  because  other  large 
collieries  had  adopted  mixed  food  feeding,  or  implied  that  they  had  done 
so,  before  his  system  was  published/'  In  1851,  he  took  much  trouble 
to  find  one  place  in  the  counties  of  Durham  and  Northumberland,  where 
they  used  cut  hay  and  mixed  food  feeding,  but  he  did  not  succeed  in 
finding  it,  either  amongst  collieries  or  any  other  large  horse  establishments, 
and  he  visited  nineteen -twentieths  of  the  whole.  If  Mr.  Logan  knew  where 
it  was  used,  why  did  he  not  give  the  name  of  the  place,  the  quantities  used, 
and  the  cost  per  annum  of  the  stud?  That  would  have  been  useful  infor- 
mation, which  could  be  tested.  In  1858,  185G,  18C0,  and  1872,  he  (Mr. 
Hunting)  was  permitted  to  publish  the  res  tilts  of  the  feeding  at  South  Hetton 
and  Murton  Collieries.  Up  to  the  first-mentioned  date,  he  did  not  believe 
it  was  done  anywhere  in  the  North  of  England,  and  he  challenged  Mr. 
Logan  to  give  an  instance  of  it.  Even  had  it  lieen  so,  it  only  touches  the 
fringe  of  the  subject,  the  three  important  principles  laid  down  in  his  paper 
being: — (1)  The  selection  of  the  kind  of  grain  used.  (2)  The  relative 
price  of  each  j)er  stone  in  the  market,  (ft)  The  quantity  of  each  kind  that  is 
most  economical  and  gives  the  most  blood  to  the  animal  for  the  least  money* 
Again,  Mr,  Logan  says,  if  the  author  had  given  the  average  cost  per 
week,  of  the  various  sizes  of  horses  and  ponies,  it  could  have  been  compared 
w  i  th  other  collieries/*  Th is  was  d<  me  i n  every  c;ise  referred  to  in  the  reports, 
and  the  saving  effected  in  every  case  is  given  upon  the  same  sized  animals 
as  were  on  the  colliery  the  year  Itefore  he  took  charge,  us  is  fully  explained 
on  page  81*.  He  could  give  twenty  cases  in  which  be  hail  wen  ponies 
in  pite,  not  two  years  old,  every  tooth  in  their  head  milk  teeth,  and  yet 
they  had  been  twelve  months  underground,  Viewers  and  others  should 
take  more  can-  tu  see  whether  borscn  were  young,  as  a  matter  of  economy. 
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He  was  glad  to  have  heard  what  Mr,  lieu  son  had  said ;  for  it  was  a 
peculiar  fat  that  ponies  of  twelve  or  fifteen  months  old  had  often  been 
mistaken  for  older  animals  by  him  until  he  saw  their  mouths.  When  he 
examined  their  months  carefully  he  did  not  find  u  single  jiennaneiit  tooth 
in  them;  and  some  of  the  incisor  teeth  were  scarcely  out  of  the  gums. 
The  greatest  novice  knew  whether  an  animal  was  one  year,  q|  four  years, 
or  three  off;  but  good  judges  0f  horses  hail  often  been  deceived  by  taking 
a  two-year-old  for  a  five-year-old,  and  a  five-month-old  for  a  two-year-old. 
At  two  years  old  the  mouth  wsis  full ;  there  were  the  twelve  incisors  all  alike. 
At  five  years  old  there  were  twelve  incisors*  and  all  alike;  but  in  the  one  case 
they  were  milk  teeth,  and  in  the  other  case  they  were  permanent  teeth.  If 
the  animnls  had  been  fed  on  heather,  as  many  animals  were  on  mountains, 
the  teeth  became  brown  in  colour,  and  it  was  sometimes  difficult  to  say 
whether  they  had  permanent  or  temporary  teeth.  Mr*  Logan  was  deceived 
in  supposing  that  any  man  could  tell  a  five-year-old  mouth.  No  man  could 
be  mistaken  in  a  two  years  off  or  three  years  off,  or  four  years  off,  or  rising 
five,  because  in  those  periods  the  mouth  was  never  perfect,  Mr.  Logan 
bad  spoken  about  oats,  and  had  pointed  out  a  seeming  inconsistency  in  the 
percentage  of  husks  given  by  him,  although  the  amount  given,  25  per 
cent.,  in  Petersburg  oats  of  40^  Ibg.  natural  weight,  accords  with  that  in 
the  test  quoted  by  Mr,  Logan.  This  gentleman  evidently  supposes  that 
the  best  oats  should  have  the  smallest  proportion  of  husks,  which  is  not 
so,  as  in  no  case  can  the  same  amount  of  husks  be  obtained  from  the 
light  Russian  oats  as  upon  the  shortest  Scotch  potato  oats,  supposed  to 
he  the  best  oats  grown.  Mr.  Burnett  and  Mr,  Logan  had  each  spoken 
about  the  husk  of  oats.  He  thought  Mr.  Burnett's  remarks  were 
apparently  contrary  to  the  statement  in  the  paper,  because  that  gentleman 
had  taken  the  woody  fibre  as  separated  from  the  oat  husk.  If  they 
referred  to  his  paper  it  would  be  found  tbat  he  gave  the  result  of 
experiments  with  various  grains  with  the  entire  husk,  not  chemically 
separated.  Mr.  IjOgan  seemed  to  think  that  he  (Mr.  Hunting)  had 
absolutely  put  down  the  husk  of  Scotch  oats  as  something  enormous, 
but  it  was  a  fact  that  foreign  oats  gave  less  husk  than  the  best  Scotch  oats. 
The  St*  Petersburg  41  needles,"  as  they  were  called,  were  the  lightest  oats, 
and  had  the  smallest  amount  of  busk.  This  was  tested  by  him  more 
than  a  quarter  of  a  century  ago.  But  that  proved  nothing  as  to  the  value 
of  foreign  and  English  oats  as  a  feeding  material.  Mr.  Logan  thought 
the  oats  were  not  kiln-dried.  Everyone  knew  that  nineteen-twentieths 
of  all  the  oats  that  came  to  England  were  kiln-dried.  Since  the 
farmers  on  the  shores  of  the  Baltic,  from  whom  a  large  portion  of 
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the  oats  came  to  this  country,  had  been  growing  their  oats  from  Scotch 
seed,  the  oats  bad  been  greatly  improved,  especially  in  weight.  A  few 
years  ago  the  weight  was  abont  85  lbs.,  and  now  ir  had  come  up  tu 
40  lbs.  and  42  lbs.  per  bushel.  The  reason  why  they  got  so  much 
more  husk  in  good  Scotch  oats  than  in  Russian  "needles/1  ho  (Mr. 
Hunting)  thought,  was  the  fact  that  foreign  oats  were  kiln-dried, 
and  when  the  husk  was  separated  they  got  the  internal  film  separate 
Bm  the  foreign  oats,  but  it  adhered  tu  the  husk  of  the  Scotch 
oats.  Another  gentleman  had  said  lie  (Mr.  Hunting)  was  hard  on  oats. 
In  his  paper  he  said  "if  the  choice  of  grain  is  limited  to  one  variety 
only,  oats  are  the  best/1  That  did  not  seem  to  be  very  hard  upon 
oats.  "If  cost  is  no  object  oats  and  bran  form  a  food  simply  unobjec- 
tionable." That  was  not  very  hard  npon  oats.  "But,  as  the  following 
Table  will  show,  uats  vary  considerably  in  value;*1  and  he  (Mr.  Hunting) 
then  showed  (lie  weight  of  hunks.  His  whole  paj>er  was  based  on  cost,  and 
nut  upon  what  was  best.  If  they  could  get  a  material  at  8d.  or  9d.  a  stone 
which  would  answer  their  purpose  and  enable  their  horses  to  do  the  same 
amount  of  work,  where  would  lie  the  policy  of  using  materials  which  would 
cost  14d.  or  15d.  a  stone?  Mr.  Lugnn  said  all  collieries  used  mixed  food 
fifty  or  sixty  years  ago.  In  184H  none  in  North  Durham,  and  not  a 
single  colliery  in  Northumberland  used  mixed  food.  Let  Mr.  Logan 
name  the  colliery  which  used  mixed  food  fifty  or  sixty  years  ago.  He 
(Mr.  Hunting)  did  not  know  one,  and  be  had  made  as  many  inquiries 
into  the  feeding  of  horses  as  anybody.  There  were  no  large  establish- 
ments, collieries,  or  other  works  in  the  North  of  England  which  used  thf» 
mixed  system  of  feeding  fifty  or  sixty  years  ago.  Now,  in  1850,  it  was 
common  enough  when  he  was  a  boy  to  use  cut  food  and  mixed  food  in  the 
South  of  England,  but  not  in  the  North. 

He  was  in  the  presence  of  a  large  number  of  colliery  managers  and 
viewers,  and  he  would  ask  them  whether  it  was  common  or  uncommon 
to  purchase  horses  and  ponies  and  put  them  down  the  pit  the  next  day, 
or  within  two  or  three  days  ?  And  whether  a  score,  or  even  one  hundred 
cases  could  not  be  given  to  establish  what  he  had  seen  with  his  own  eyes. 
Then  again,  with  respect  to  excessive  over- working,  it  would  be  clearly 
out  of  place,  in  a  discussion  like  this,  to  name  places  where  cruelty  had 
been  practised,  but  he  distinctly  averred  that  he  knew  a  case  in  which 
two  cobs  had  been  worked  from  Monday  morning  till  Saturday  night 
without  having  hsd  their  gear  taken  offer  having  l»eeu  brought  to  their 
stables.  He  admitted  that  these  things  were  not  done  now  to  anything 
like  the  extent  they  were  a  few  years  «gn;  but  rniy  mic  who  knew  anything 
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about  collieries  knew  it  was  common.  They  paid  to  the  extent  of  hundreds 
and  thousands  of  pounds  Joes  often  from  the  stupidity  of  purchasing 
animals  off  soft  food  and  putting  them  to  the  heaviest  muscular  work  in 
three  or  four  days.    As  to  the  decreased  number  of  deaths  of  horses,  he 
imputed  most  of  the  advautage,  not  to  feeding  or  management,  but  to  the 
"case  book."    If  he  took  no  more  notice  of  the  deaths  of  horse*  than  by 
merely  speaking  about  it,  the  horses  under  his  charge  would  he  the  same  as 
others  he  had  no  doubt:  but  there  was  not  I  colliery  with  which  he  had  to 
do  but  had  a  book  in  which  were  entered  the  name  and  colour  «>f  the  horse 
or  pony  and  the  name  of  the  driver,  and  the  reason  why  it  was  off  work; 
and  they  could  understand  what  the  effect  was.    Every  man,  from  the 
resident  viewer  down  to  the  putters  and   trapjiero,  knew  that  the 
case  of  every  animal  abused  would  be  brought  before  the  head  viewer  and 
be  investigated.    That  was  why  the  losses  it)  his  studs  were  so  small 
8ome  member  had  said  that  cutting  hay  was  objectionable,  because  they 
might  cut  the  bad  hay  as  well  as  the  good,  and  the  man  would  not 
be  very  wise  who  did  not  separate  the  had  hay  from  the  good  before  it  was 
cut.   He  thought  Mr,  Logan,  like  Mr.  Steavenson,  did  not  murh  approve 
of  maize.    Nobody  could  l>e  more  op]x>sed  to  maize  than  he  formerly 
was?  he  was  opposed  to  it  at  first,  and  hud  good  reason  for  it.   Mr.  Logan 
thought  there  was  not  much  credit  due  to  him  because  he  only  followed 
the  example  of  others.    In  his  paper  ho  told  them  that  maize  was  used 
by  everybody.    He  did  not  claim  that  till  that  In-  had  staled  came  from 
bis  own  head;  he  had  used  the  labours  of  others.    If  any  mnn  had  any- 
thing to  tell  him  he  was  extremely  glad  to  hear  it,  and  to  try  whether 
it  was  true  or  not;  if  true  he  was  thankful  for  it,  and  if  untrue  he 
discarded  it.    In  the  Cleveland  district,  there  were  a  great  many  persons 
who  had  an  objection  to  maize,  and  if  asked  why,  they  did  not  know. 
It  was  said  that  Mr,  Barker  had  found  that  maize  killed  the  horses,  but 
horses  died  before  maize  was  introduced,  and  the  President  had  a  colliery 
where  there  had  not  been  a  death  from  disease  of  any  kind  for  five 
years.    That  did  not  very  much  look  as  if  maize  killed  horses.  At 
Prudhoe  pit  there  had  not  been  a  death  from  disease  of  any  kind  for 
seven  years  come  April.     Mr.  John  Lid  dell  asked,  if  all  the  horses  at 
bank  could  do  without  oats,  why  they  were  necessary  for  those  in  the  pits? 
He  (Mr.  Hunting)  said  he  did  not  dare  to  make  such  a  change,  because  if 
a  stone  fell  from  the  top  and  killed  a  horse,  it  would  be  said  the  maize  did 
it.    For  six  years  come  April  there  had  not  been  oats  bought  for  the  three 
collieries  at  Prudhoe  and  Mickley  until  six  or  eight  weeks  ago,  when 
maize  was  up  to  44s.    It  would  not  have  been  wise  to  have  bought  maize 
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at  44b.  when  oats  could  be  pot  at  Mt*  and  hence  for  a  time  he  aim 
discarded  maize  at  the  collieries;  reducing  it  from  40  or  50  to  10  per 
cent.,  and  then  there  were  com  plaints  from  Ryhope,  Has  well,  South 
Hetton,  Ouston,  and  Cowpen  that  the  horses  did  not  do  their  work  ao 
well.  No  one  who  had  tried  it  could  arrive  at  any  other  conclusion 
than  that,  as  an  adjunct  to  oats  and  beans,  there  was  no  food  so 
cheap,  and  no  food  more  calculated  to  correct  the  digestive  function 
of  animals,  ever  used  in  Britain  than  maize.  The  percentage  of  colic 
cases  was  "200,  '300,  and  often  500  per  cent,  less  when  maize  was  need 
in  the  proportion  he  recommended  than  when  not  used.  Inflammation 
of  the  bowels  was  almost  unknown  at  collieries  where  40  or  50  per 
cent,  of  maize  was  used.  Twenty  or  thirty  years  ago,  when  maize 
was  not  used,  there  would  l»e  hardly  a  colliery  whioh  did  not  lose  one  or 
two  horses  a  month  from  colic,  and  now  they  did  not  lose  one  in  a  year. 
And  yet  it  was  said  that  maize  was  objectionable  ;  and  when  people  were 
asked  their  objection  to  it,  they  replied  that  it  produced  a  tendency  to 
greasy  legs.  If  it  had  that  tendency  it  would  be  a  strong  objection. 
Out  of  two  hundred  animals  at  a  colliery  where  maize  was  largely 
used  only  one  animal  had  greasy  legs.  He  did  not  think  it  necessary 
publicly  to  name  the  colliery,  but  he  would  tell  it  to  any  person  who  wished 
to  investigate  the  truth  of  the  statement.  There  wag  no  absurdity,  no 
thoughtless  statement,  that  was  not  grasped  at  and  en pported  at  collieries 
in  the  North  of  England  ahutit  this  system  of  feeding.  There  was  a 
colliery  he  had  never  been  on  and  the  stud  of  which  he  had  never  seen, 
and  all  he  had  to  do  with  it  was  to  purchase  the  maize  and  peas,  the 
colliery  owner  and  viewer  regulating  the  feeding*  He  (Mr.  Hunting)  was 
very  anxious  to  know  how  these  gentlemen  would  succeed  in  carrying  out 
the  system  of  feeding  without  his  (Mr.  Huntings)  assistance  or  over- 
sight ;  but  afterwards  the  gentleman  gave  him  the  result  of  three 
years*  feeding,  and  he  (Mr.  Hunting)  was  very  much  astonished  to  find 
that,  with  all  the  economy  and  saving  he  hud  stated,  his  (Mr.  Hunting s) 
cost  was  £2  to  £3  a  year  higher  than  the  highest  year  of  that  gentle- 
man's  cost;  also  for  three  yeais  this  system  of  leeding  was  carried 
out  in  a  large  stud  under  a  viewer  at  a  colliery,  with  which  he  (Mr. 
Hunting)  had  nothing  to  do,  and  the  cost  never  reached  the  sum  of  £20 
Mf  head.  He  apprehended  that  Mr.  Logan  would  have  some  difficulty 
in  finding  a  colliery  in  Durham  or  Northumberland  where  tliey  could 
Rrd  their  h.-rses  oil  J^ss  than  i'^u  i,  year.  That  was  not  his  (Mr. 
Hunting's)  doing,  but  it  was  the  result  of  his  system,  tried  by  some  cr 
else;  and  this  was  the  strongest  proof  1 1^  could  give  them  of  its  value. 
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Mr.  Clement  Stephenson  agreed  with  him  as  to  cut  hay,  and  so  did  every- 
body who  had  tried  it;  but  Mr.  Stephenson  did  not  like  maize.  A  great 
many  more  did  not  like  maize.  He  had  stated  the  results  of  the  use  of 
maize,  and  had  given  the  names  of  the  collieries  and  of  the  owners,  and 
anyone  could  ascertain  whether  what  he  had  stated  was  true  or  not.  What 
was  their  objection  to  maize  ?  As  he  had  already  said,  some  people  thought 
it  had  a  tendency  to  cause  greasy  legs;  and  if  it  was  proved  that  it  had 
not  that  tendency,  then  they  would  object  that  maize  intensified  the  odour 
of  the  fieces,  whiet)  he  admitted ;  and  so  did  wheaten  bread.  If  the 
use  of  maize  produced  sulphuretted  hydrogen  instead  of  carburetted 
hydrogen,  then  why  not  leave  off  eating  wheaten  bread?  The  odour  did 
not,  however,  come  from  the  skin  of  the  animals,  hut  from  their  faces. 
This  was  about  on  a  par  with  all  the  objections  to  maize :  they  did  not 
know  why  or  what  they  objected  to,  and  the  worst  they  could  say  against 
it  was  that  it  smelis.  If  the  collieries  of  England  could  -ave  £70,000, 
£80,000,  or  £100,000  a  year  by  the  use  of  maize,  they  surely  could 
pnt  up  with  this.  Uad  it  not  l>een  for  the  introduction  of  maize  into 
this  country  colliery  horses  would  have  cost  £12  a  head  more  a  year  to 
keep.  When  oats  were  scarce,  as  they  were  two  years  ago,  and  at  a  high 
price,  about  5,000,000  qre.  of  maize  came  into  this  country,  the  greater 
part  for  horses1  food ;  and  horse  owners  not  only  gained  in  its  cheapness 
for  feeding  horses,  but  also  localise  it  reduced  the  price  of  every  other 
material  used  for  feeding  horses.  As  to  barley,  it  was  not  its  quality,  but 
the  working  of  the  Beer  Act  that  had  to  do  with  it*  low  price.  Up  to  the 
time  of  passing  this  Act,  nineteen-twentieths  of  all  the  barley  grown  in 
England  was  used  for  malting;  but  now  sugar,  treacle,  foreign  barley, 
maize,  or  anything  could  be  used  by  brewers.  Mr.  Logan  told  them  that  it 
was  because  the  barley  was  bad  that  it  was  used  for  feeding  horses.  Formerly 
4,000,000  or  5,000,000  qrs.  of  barley  was  used  for  malting  purposes,  and 
not  a  quarter  part  of  that  quantity  was  used  now  ;  the  result  was  that 
barley  was  reduced  in  price,  and  good  feeding  barley  came  down  to  24s. 
a  quarter,  a  price  never  before  known.  Men  who  are  accustomed  to  the 
trade  know  that  barley,  not  suitable  for  malting,  is  not  necessarily  one 
penny  worse  for  feeding  purposes  than  a  good  sample  of  malting  barley, 
if  of  the  same  natural  weight,  because  it  would  give  quite  as  much  food 
to  the  horses,  yet  frequently  costing  8s.  to  12s.  per  quarter  less  money. 
In  malting,  the  essential  part  is  that  all  the  grains  should  germinate 
at  the  same  time  otherwise  a  large  portion  of  the  "saccharine"  matter  is 
lost  in  the  brewing,  but  in  feeding  it  is  a  very  different  matter  and  of  no 
moment,  so  long  as  the  barley  is  in  fair  condition,  clean  and  sweet,  and  if 
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the  same  weight,  it  is  of  equal  value  to  that  used  for  malting,  and  yet  Mr 
Logan  recommends  his  hearers  to  gift  ifs.  to  1 2s.  per  quarter  more  for  one 
kind  tli an  the  other.  Mr.  Burnett  had  referred  to  the  theoretical  part 
of  the  subject.  Up  bo  iNou"  Liebig  had  shown  it  was  essential  to  use 
highly  nitrogenous  food  to  replace  the  consumption  of  muscle  used  up  iu 
hard  work.  This  theory  was  generally  accepted  all  through  Europe  and 
America  both  by  chemists  and  physiologists  up  to  1866,  In  that  year 
Kirk  and  Wislirrnu*  disputed  it;  and  in  180(5  these  two  Germans, 
made  the  ascent  of  an  Alpine  mountain  in  order  to  test  it.  They 
emptied  their  bladders  at  six  in  the  morning,  and  carefully  analysed  the 
urine;  they  preserved  every  drop  of  urine  made  in  the  eleven  hours  route 
up  to  the  mountain  pcukt  and  attained  from  any  kind  of  nitrogenous 
food  whatever.  They  said  that,  if  Liebig's  theory  was  right,  they 
must  undoubtedly  have  an  increased  excretion  of  nitrogen  from  the  dis- 
simulation  of  the  tissues  of  the  body.  They  analysed  carefully  the  urine 
taken  from  each  during  the  ascent,  the  analysis  being  within  a  few 
decimals,  and  found  there  was  almost  an  imjicrceptible  increase  of 
nitrogen.  They  did  lhat  on  the  day  following  their  descent  from  the 
mountain,  and  the  result  gave  rise  to  a  gr^ui  discission  among  cheinioo- 
physiologists.  Dr.  Pick  thought  it  upset  Liebig's  theory  ;  and  they  said 
also,  "  w  hat  can  be  clearer  than  the  fact  that  there  was  no  increase  of 
nitrogen  in  the  urine  from  the  dissimulated  tissues  during  that  time/* 
Many  iu  Germany  and  in  England  Urame  delighted,  and  every  scientific 
institution  was  exercised  by  this  discovery  that  Liehig  was  wrong.  An 
American,  Dr.  Austin  Flint,  j>erhaps  the  greatest  living  physiologist,  was 
however,  iu  favour  of  Liebig's  theory,  and,  with  others,  spoke  on  his 
behalf.  In  1870,  Weston,  the  great  pedestrian,  commenced  in  New 
York  his  great  walk  of  4o0  miles  in  five  days.  Several  members  of  the 
medical  profession  and  chemico-physiologiets  thought  that  was  an 
admirable  opportunity  to  test,  beyond  doubt  or  cavil,  whether  Liebig*s 
important  theory  was  correct,  and  a  Committee  of  ten  or  twelve  of  the 
greatest  scientists  iu  the  medical  world  was  formed  to  test  the  new  theory 
when  Weston  was  performing  this  great  musmlar  exertion.  By  this 
time  it  had  been  discovered  that  it  was  not  the  day  that  the  exercise 
took  place  that  the  nitrogen  in  the  urine  was  so  largely  increased,  but 
that  it  extended  o\er  two  or  three  days  some  time  alter;  and  that  if 
the  two  Hermans  had  takrn  th<  rvsull  uf  the  disintegration  of  the 
tissues  and  the  development  of  nitrogen  after  the  asocnt»  they  would 
have  found  that  absolutely  42  jkt  cent,  more  of  nitrogen  had  been 
eliminated  than  had  been  taken  into  the  system     The  result  was  verified 
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during  Weston's  muscular  exertion,  Ah  mid  oven  50  per  ceut.  more  of 
nitrogen  being  eliminated  from  the  body  than  was  taken  in  the  way 
of  food.  For  five  dayB  before  tbe  experiment  every  particle  of  food  that 
was  eaten  by  Weston  was  weighed  to  a  grain,  and  every  particle  of  feces 
and  urine  made  was  carefully  analysed,  both  chemically  and  microscopi- 
cally. During  the  five  days  of  hie  walking  the  same  thing  was  done, 
and  the  experiment  was  continued  for  five  days  after  the  walking  ;  and  the 
result  proved  beyond  doubt  Liebig's  theory  that  the  consumption  of 
muscle  was  absolutely  going  on,  in  away  contrary  to  Mr.  Burnett's  theory. 
During  four  days  100  grains  of  nitrogen  were  given  in  the  food,  while  197 
grains  of  nitrogen  were  extracted  !Yum  the  urine,  or  nearly  cent,  per 
cent,  more  deterioration  of  tissue  took  place  than  had  been  taken  into 
the  body,  proving  that  the  theory  of  Licbig  was  perfectly  correct.  But 
putting  aside  theory,  chemistry,  and  physiology,  practise  gave  quite  as 
decisive  results.  Brassey  probably  knew  nothing  of  nitrogenous  or 
non-nitrogenous  foods,  of  albuminoids  or  hydro-carljons,  but  he  knew 
that  men  fed  on  beef  and  mutton  could  do  more  work  than  when  fed  on 
bread,  rice,  cabbage,  potatoes,  carrots,  turuij*,  radishes,  onions,  etc.,  as 
were  his  Freneh  and  Italian  **  navvies/'  and  within  three  months  of  these 
men  getting  beef  and  mutton,  he  (Mr,  Brassey)  found  that,  they  could  do, 
and  did,  as  much  work  as  his  "English  navvies/1  Colonel  Apperley,  or 
"Nimrod,"  used  constantly  to  say,  when  they  were  in  a  two  hours  run 
without  a  fault,  "Now  wc  shall  see  who  has  the  odd  beans."  Probably  he 
knew  nothing  and  cared  less  abouL  the  chemistry  of  foods,  but  he  knew 
where  violent  muscular  exertion  was  long  continued,  that  those  who  had  the 
lieans  would  last  the  longest  in  the  run.  Again,  whoever  heard  of  great 
l* athletes n  whilst  training,  living  on  hydro-carbons,  as  rice,  sago,  bread, 
potatoes,  carrots,  turnips,  and  fruits;  but  why  should  they  not  if  Mr. 
Birkett's  theory  is  correct  ?  Everyone  knows  that,  to  get  men  fit 
for  great  muscular  exertion,  plenty  of  beef  aud  mutton  are  essential  \ 
whilst  fruits,  pastry,  and  light  vegetables  are  little  used ;  and  he  con- 
tended that  this  mode  of  feeding  all  great  "athletes"  and  "hunters" 
shows  conclusively,  that  in  hard  work  nitrogenous  foods  arc  more  essential 
than  hydro-carljons,  so  that  both  in  theory  and  practise*  the  principles 
laid  down  in  the  paper  are  correct.  With  regard  to  ponies  l>eing  put  to 
pit  work  directly  after  being  bought  he  would  remark  that  there  are 
many  things  which  might  be  said  and  proved  too,  but  which  it  would  not 
be  wise  to  print.  He  preferred  to  leave  the  matter  where  it  was,  except 
to  say  that  the  person  who  s->  strongly  objected  to  this  statement  of 
his  at  the  meeting,  did,  within  the  last  year,  buy  six  ponies  off  grass 


feeding,  and  within  a  week  put  the  whole  of  these  three  or  four  year 
old  ponies  down  the  pita,  although  they  had  never  seen  or  tasted 
hay  at  corn  up  to  the  day  of  purchase.  So  much  for  inconsistency. 
Mr.  Logan  says  the  amount  of  work  doue  in  the  real  teat.  He  granted 
that  this  was  the  important  question,  and  in  that  portion  of  his  paper  on 
**  Work,"  h'1  attempted  to  show  this  hy  giving  the  distances  the  horses 
and  ponies  travelled  at  several  collieries,  and  hy  the  horses  in  this  city* 
purposely  that  others  might  compare  the  work  of  their  horses  with  that 
of  those  under  discussion.  Mr+  Logan  ignored  this  portion  of  the  jwper 
altoget  her,  and  wiys  the  weight  of  coals  drawn,  which  wag  given  as  a  measure 
of  work  done,  was  entirely  misleading.  The  fun  is,  he  had  nowhere  in  the 
paper  mentioned  one  word  about  the  quantity  of  coals  drawn,  hnt  at  page  99 
he  gave  the  miles  travelled  by  many  of  the  horses  at  six  or  seven  collieries, 
hut  not  a  word  as  to  the  quantity  of  coals  d ra wn.  The  only  place  where 
quantity  is  mentioned  is  in  the  21  years'  tabular  statement  relating  to 
South  Hetton,  which  has  nothing  whatever  to  do  with  "  Work  and  was 
given  only  at  the  request  of  the  owners,  who  asked  for  the  return  to  be 
made.  Had  he  wanted  to  shelter  himself  as  to  the  economy  of  his  feeding, 
under  such  returns  of  coals  drawn,  he  should  have  made  use  of  it,  by 
showing  that  tin-  Suiuli  Ih  timt  mid  Murton  Collieries  drew  over  a  million 
Lous  of  coal  last  year;  but  he  could  have  gone  further  than  that,  for 
he  had  a  letter  from  Mr.  Heekels,  viewer  of  Castle  Eden  Colliery,  infinitely 
stronger.  Mr.  Heckels,  in  a  letter  of  September  27th,  1882,  says: — "The 
health  and  capacity  of  our  stud  for  work  will  1h-  U-m  *hown  by  informing  you 
that  we  drew  100,000  tons  of  coal  more  last  year  than  has  ever  been  drawn 
at  this  colliery,  and  with  no  increase  in  the  number  of  the  stud.  The  health 
and  condition  of  the  animals  has  l*eeu  all  that  could  be  desired/1  As  work 
done  is  Mr.  Logan's  test  of  the  value  of  feeding,  he  would  briefly  show 
what  had  been  already  done,  and  in  l>oth  cases  by  figures  not  his  crtrB, 
by  which  the  members  of  this  Institute  could,  for  themselves,  test 
the  accuracy  of  the  comparison,  because  the  distances  in  Cleveland* 
weight  of  loads,  and  the  gradients  were  taken  by  the  managers  of 
three  of  the  principal  stone  mines  in  that  district,  and  in  the  case 
of  the  Corporation  horses  in  this  city,  the  streets  were  measured  and 
gradients  and  weight  of  loads  taken,  by  the  Corporation  officials.  In 
Cleveland  most  of  the  horses  were  16*1  to  17*0  hands  high,  and  the 
loads  were  a  little  under  2|  tons,  drawn  over  a  gradient,  averaging  under 
inches  to  the  yard,  on  iron  rails.  The  greatest  distance  any  one  of 
them  travelled  per  day  was  under  seven  miles,  ami  the  average  under  M 
miles.    The  Cnr|n»ratiim  horses  <►(  tin*  city  travel  seventeen  t»»  twenty- 
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five  miles  per  day,  their  loads  are  2±  tons  to  $$  tons,  the  former  with  night 
fioil,  the  latter  with  the  water  carta.  Tbey  are  the  largest  and  heaviest 
breed  of  horses  in  this  district,  weighing  from  14  to  17  ewts.,  standing 
1 6*2  to  1 7*0  hands,  and  working  10  hours  per  day.  Many  of  the  streets  up 
which  the  loads  have  to  pass  are  4  to  5  inches  to  the  yard  gradient,  and 
so  excessive  is  the  labour  of  these  w  night  horses/1  that  there  is  not  a  single 
man  in  the  whole  city,  who  lets  horse*  for  hire,  that  will  allow  his  horses 
to  be  put  on  the  "  night  work  He  had  made  inmate  inquiries  in  nearly 
all  the  large  towns  and  cities  iu  the  kingdom  as  to  the  work  of  horeea, 
and  had  never  found  any  horses  doing  within  "  one-third"  of  the  work 
that  the  horses  of  this  city  have  been  doing  during  the  past  six  years;  yet 
the  cost  of  all  provender  consumed  in  1881-2  was  only  1 2s.  2d.  per  horse 
per  week,  or  9s.  per  week  less  than  when  fed  on  the  old  system  of  long 
hay  and  whole  oats,  bran  and  a  few  beans;  and,  he  might  add,  that  not  a 
single  death  took  place  in  the  whole  stud,  numbering  66*  during  that  year, 
whilst  in  the  Cleveland  stud  there  were  22  deaths  out  of  92,  The  Newcastle 
horses  hadj>0  per  cent,  of  maize  with  their  other  food,  the  Cleveland  horses 
had  none.  A  finer  or  more  healthy  stud  of  horses  than  those  belonging  to 
the  Corporation  of  Newcastle  cannot  be  found  in  Britain.  This  does  not 
look  like  maize  killing,  or  teing  unfit  food  for  hard-working  horses.  This 
"  work  test,"  as  given  above,  ought  to  l*e  interesting  to  Messrs.  Logan, 
Barker,  and  Steavenson  (of  Cleveland),  showing  than  the  food  of  the  Cor- 
poration horses  costs  little  over  half  the  money,  and  that  for  years  they  have 
done,  and  are  doing  still,  more  than  twice  the  distance  and  twice  the  work, 
Itecause  the  Corporation  horses  draw  their  loads  over  granite-laid  streets  and 
macadamized  roads,  as  against  those  in  Cleveland  on  iron  rails.  As  this  is 
an  extremely  interesting  test  case,  and  can  txi  proved  by  any  gentleman  who 
cares  to  take  the  trouble,  he  would  give  the  names  and  figures  to  the 
President  and  Secretary  for  the  information  of  any  gentleman  who 
might  require  them.  He  had  purposely  chosen  the  horses  of  Cleve- 
land to  compare  with  those  of  the  Newcastle  Coi-poration,  because 
they  were  nearest  in  size,  the  latter,  however,  being  much  the  larger  and 
heavier  of  the  two,  Great  as  is  the  difference  between  the  cost,  work,  and 
losses  of  these  two  Btuds,  it  is  not  any  greater  than  what  is  found  in  com- 
parisons he  had  made  amongst  colliery  horses.  In  conclusion,  he  would 
ask  Mr.  Logan  to  give  him  any  instance  of  two  collieries,  where  the  old 
system  of  feeding  is  earned  out,  equal  to  Prudhoe  and  Bearpark  Collieries, 
where,  iu  the  former  pit,  not  a  single  death  has  taken  place  from  disease  of 
any  kind  for  seven  years  come  the  18th  April  this  year,  and  where  no  oats 
have  been  used  for  six  years  of  that  period.  At  Bearpark  Colliery,  not  a 
%\n  raw  I  wi  ™ 
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horse  or  pony  has  died  from  disease  of  uny  kind  for  4f  years  ending  1882. 
It  docs  seem  marvellous  how  such  men  as  Mr.  Steuvenson,  Mr,  Barker,  and 
Mr  Logan  can  believe  cut  hay  and  maize  to  he  injurious  to  horses  with 
such  results  as  these,  results  which  any  of  them  can  test  by  simply  writing 
to  the  viewer,  or  asking  permission  to  see  the  "ease  book"  in  which  every 
death  is  recorded,  and  what  produced  it. 

Mr.  Birkktt  said,  that  as  representing  the  largest  coal -producing  firm 
in  Great  Britaiu,  liis  experience  caused  him  to  deny  in  toto  Mr.  Hunting's 
very  sweeping  assertion  that  generally  horses  were  sent  into  the  pit  direct 
from  being  purchased  from  dealers  or  farmers. 

The  Prbsioknt  did  n^t  understand  Mr.  Hunting  to  say  it  was  the 
universal  custom,  but  that  it  wan  very  often  done:  ten  or  twelve  years 
ago  it  was  a  more  general  custom.  Where  horses  are  managed  on  a 
system  like  Mr.  Birkett's  it  would  not  be  likely  to  be  dm  . 

Mr.  Logan  assured  Mr.  Hunting  that  there  was  nothing  personal  in 
his  i  Mr.  Logan's)  n marks,  He  to  a  great  extent  agreed  with  Mr.  Hun- 
ting's system.  He  would  repeat  w  hat  lie  had  already  said,  t  hat  in  1*Nl  and 
1H82  barley,  owing  to  its  unsound  condition,  was  sold  cheap.  He  same 
cause  that  brought  down  the  price  ot  barley  in  18*1  and  1882,  according 
to  Mr.  Hunting,  was  in  force  yet;  and  good  malting  barley  was  being  sold 
in  1883  in  the  North  of  England  at  34s,  That  was  the  basis  of  his  cal- 
culation. Let  them  have  the  cost  of  feeding  ponies  and  horses  of  various 
sizes,  and  then  they  would  know  what,  they  were  doing.  He  uas  riot  so 
ignorant  as  not  to  understand  the  difference  between  woody  fibre  and 
husk,  and  in  his  remarks  he  was  careful  not  to  mistake  one  for  the  other. 

Mr.  Steavknwjs  proposed  a  vote  of  thanks  to  Mr.  Hunting  for  his 
paper. 

Mr.  Boyd  seconded  the  motion,  which 
Mr.  IjOgan  cordially  supported. 

The  Prksiokm  said,  [hut  having  had  all  his  horses  under  Mr. 
Huntings  system  for  many  years  he  could  bear  testimony  to  its  practical 
Utility,  and  he  suggested  that  those  who  did  not  believe  in  it  should 
try  it  for  a  year.  He  believed  he  was  right  in  saying  no  colliery  had, 
after  trying  it,  given  it  up.  It  was  not  the  ease  that  horses  selected  good 
hay.  If  a  lot  of  hay  was  put  into  the  manger  the  horse  would  throw  out 
good  with  the  bad.  If  they  supplied  a  horse  with  the  very  best  hay  he  did 
not  think  the  horse  would  eat  it  all,  but  would  throw  some  of  it  out; 
and  if  they  gave  it  bad  hay,  the  horse  would  eat  some  of  ft 

The  motion  was  agreed  to, 
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Mr.  W.  J,  Bird's  papers  on  "The  Comparative  Efficiency  of  Non- 
conducting Coverings  for  Steam  Pipes"  were  discussed. 

The  Secret aky  stated  that  he  had  been  requested  to  ask  Mr.  Bird  if 
he  had  ever  tried  to  utilize  air  as  a  non-conduct  in*;  medium.  Ho  asked 
if  Mr.  Bird  had  tried  to  what  extent  air  acted  a*  a  non-conductor,  and 
could  state  the  result  of  any  ex jseri merits  lie  had  made?  If  a  current  of 
air  passed  through  the  space  between  the  pipe  and  its  covering,  the  air,  of 
course,  would  be  anything  bnt  a  non-conductor;  but  if  they  could  obtain 
any  knowledge  as  to  how  and  to  what  extent  it  could  be  made  a  suitable 
material  as  to  cheapness  and  utility,  it  would  he  very  valuable  information. 

Mr.  Bird  said,  they  knew  that  air  was  a  pretty  good  non-conductor, 
at  aU  events  in  a  dry  state;  but  heat  was  easily  transmitted  from  the  air. 
He  failed  to  see  how  an  air-course  round  steam  pipes  coujd  save  heat. 
The  air  would  get  hot,  and  the  pijve  and  the  air  would  give  heat  to  the 
outside.  Since  the  date  of  his  paper,  the  subject  of  non -conducting 
coverings  bad  occupied  his  attention  a  great  deal,  and  he  bad  not  come  to 
any  conclusions  other  than  he  had  already  advanced.  His  further 
experiments  had  only  confirmed  those  previously  made  by  him.  On  com- 
paring his  last  paper  on  the  subject,  some  discrepancies  would  be  found  in 
the  tables  of  cost,  which  was  due  to  the  revised  table  of  prices;  but  there 
was  no  discrepancy  in  the  effect  and  the  heat  loss,  and  the  cun sequent 
loss  of  horse- power.  In  prosjiectuses  and  advertisements  very  much 
larger  savings  of  heat  were  claimed  than  could  be  relied  upon.  Tn  one 
case,  no  less  than  25  per  cent,  of  saving  was  claimed.  That  was 
impossible.  In  the  case  of  a  vertical  boiler,  entirely  exposed  to  the  air, 
the  loss  due  to  the  radiation  of  the  service  was  about  15  per  cent.  The 
best  non-conductor  he  had  teBted  saved  14  out  of  that  15  j>er  cent., 
leaving  only  1  per  cent,  of  loss  still  remaining,  which  1  per  cent,  he 
thought  they  would  allow  to  remain,  as  they  could  not  very  well  get 
over  it. 

Mr,  J.  A.  G.  Ross  said,  that  Mr.  Bird  had  sufficiently  answered  the 
suggestion  thrown  out  by  Mr.  Dunning  ;  but  there  was  no  doubt  that  air 
was  the  best  non-conductor,  very  much  better  than  anything  Mr.  Bird 
had  tried  experiments  with;  but  the  substances  that  had  been  tried,  more 
particularly  silicate  cotton,  had  the  power  of  resisting  that  action  which 
Mr.  Bird  spoke  of,  namely,  the  convection  of  the  gases.  Silicate  cotton 
had  the  power  of  retaining  a  very  small  quantity  of  air,  divided  by  a  very 
thin  covering  of  that  material,  and  hence  in  this  way  the  beat  was 
interrupted,  not  only  by  preventing  the  circulation  of  the  air,  but  by  the 
repeated  resistances  from  one  surface  to  another,  and  this  was  borne  out 
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by  the  experiments.  As  to  the  remarks  of  Mr.  Bird  about  1 5  per  cent  ,  of 
heat  being  b »st4  they  must  not  forget  that  a  very  large  proportion  of  heat 
pusses  away,  not  merely  by  radiation*  but  by  conduction.  He  remembered 
the  case  of  a  boiler  at  the  Tynemoutb  Exhibition;  when  the  shed  was  open, 
and  the  wind  blew  in  from  the  sea,  they  could  not  get  steam  up ;  and  this 
continued  to  be  the  case  till  the  place  was  boarded  up.  That  was  the 
effect  of  the  wind  blowing  upon  the  boiler.  He  thought  it  would  be  more 
satisfactory  if  the  persons  who  were  interested  in  these  various  substances 
had  some  opportunity  of  seeing  the  experiments  when  they  were  going  on. 
He  thought  it  was  scarcely  fair  to  a  proprietor  of  auy  substance  to  try 
it  without  his  having  an  opportunity  of  being  present.  He  believed 
Mr.  Bird  had  not  done  justice  to  silicate  cotton,  because  he  tried  it  only 
by  tying  a  string  round  it.  That  was  not  a  fair  way,  as  it  wanted 
a  thin  covering  to  keep  the  air  out.  He  had  been  informed  that  Mr. 
Bird  had  been  acting  in  some  way  as  agent  for  one  of  the  substances ; 
and  they  should  have  had  an  opportunity  of  joining  with  him  in  the  experi- 
ments, as  a  matter  of  justice  to  those  interested  in  the  other  substances. 
This  was  an  important  subject,  not  only  as  regards  economy  in  boilers, 
fuel,  and  labour,  but  also  in  supplying  dry  steam,  which  was  perhaps  most 
important,  for  although  there  was  a  percentage  of  loss  indicated  by  the 
temperature,  yet  condensation  carried  water  to  the  engine,  which  was 
more  injurious  to  the  working  parts.  He  recommended  everybody  who 
had  boilers  to  have  them,  and  the  pipes  also,  covered. 

Professor  Lebouk  said  that  when  the  first  paper  was  read  he  made 
some  remarks  regarding  conductivity  upon  certain  substances,  which  he 
believed  had  been  misapprehended.  He  would  like  to  put  them  in 
another  form.  Upon  the  table  were  some  specimens  of  so-called  silicate 
cotton,  and  they  would  Illustrate  his  remarks  very  well.  Silicate  cotton 
was  an  artificial  form  of  pumice.  They  knew  that  the  conductivity  of 
pumice  was  among  the  lowest;  and  the  looser  the  pumice  was,  the  worse  was 
the  conductivity,  and  that  came  from  the  extreme  division  of  the  air.  In 
one  specimen  the  materia)  was  packed  tight  and  glazed,  and  there  was  not 
the  least  doubt  that  by  so  doing  the  conductivity  was  increased,  the 
power  of  non-conduction  was,  to  some  extent,  obliterated,  to  what  extent 
he  did  not  know.  What  was  the  difference  in  the  conductivity  of  the 
loose  silicate  cotton  of  one  specimen!  and  of  the  hard  material  which  he 
understood  was  the  same  stuff,  or  something  like  it,  cemented  over?  lie 
would  expect  to  find,  if  his  views  wen-  correct,  that  the  conductivity  was 
higher  in  the  harder  substance  than  in  the  looser  form. 
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Mr,  Bird  said  he  thought  Mr.  Rosa  was  under  ft  mistake  when  he  said 
that  he  (Mr,  Bird)  did  not  in  the  experiments  do  justice  to  silicate  cotton. 
He  tied  it  on;  but  if  it  was  to  be  packed  on  and  have  an  iron  tube  round 
it,  that  would  increase  its  conductivity  and  would  increase  the  cost.  He 
thought,  if  anything,  he  had  done  more  than  justice  to  silicate  cotton. 
Mr.  Robs  and  other  gentlemen  were  quite  at  liberty  to  come  and  co-operate 
in  the  experiments,  and  ho  believed  he  gave  Mr,  Roes  an  invitation.  He 
(Mr-  Bird)  was  acting  for  one  of  the  materials,  but  that  was  not  the  cause, 
but  the  effect  of  his  experiment,  and  he  had  acted  only  since  the  rending 
of  his  paper.  He  estimated  the  possible  loss  from  an  uncovered  vertical 
boiler  at  15  per  cent,,  ft  per  cent,  radiation  and  B  from  other  causes. 
In  answer  to  Professor  Lebour  he  said  that  -prima  facte  there  was  every 
reason  to  suppose  that  the  loose  cotton  would  be  better  than  the  cemented 
cotton  at*  a  non-conductor.  The  conductivity  fell  from  K7  per  cent,  in  the 
silicate  to  about  4o  per  cent,  in  the  cement.  If  Mr.  Lebour  examined  the 
cemented  composition  he  would  find  that  its  ]x>res  were  multiplied  more 
than  in  the  silicate  cotton. 

Mr,  J.  A.  G.  Ross  said  with  regard  to  some  remarks  as  to  the 
desirability  of  using  very  thick  coverings  of  non-conducting  material, 
that  be  had  the  result  of  some  experiments  tried  at  an  Exhibition  in 
London  which  showed  very  conclusively  that  a  thin  coating  would  char 
in  a  short  time.  One  inch  thickness  of  silicate  cotton,  covering  a  torn* 
perature  of  500  degrees,  was  sufficient  to  char  a  piece  of  soft  wood  as  an 
outside  covering  in  If  hours;  when  2  inches  thick,  two  hours  over  the 
same  temperature  did  not  char  the  wood  bo  much;  when  3  inches  thick, 
2  hours  in  the  stove  at  the  same  temperature  caused  but  a  very  slight 
discoloration  of  the  wood ;  with  4  inches  thickness,  4  hours  in  the  stove, 
at  a  temperature  of  700  degrees,  caused  neither  charring  nor  discoloration; 
and  with  5  inches  thickness  and  700  degrees,  it  took  12  hours  in  the 
atove  to  obtain  the  same  result.  Although  there  might  not  be  a 
corresponding  advantage  from  an  inch  of  thickness,  yet  it  was  an 
advantage  in  some  cases  where  there  was  so  much  heat  passing  as  would 
set  fire  to  anything.  He  knew  a  case  where  a  boiler  set  fire  tn  wood 
cleading  in  a  vessel  when  near  the  Orkney  Islands;  the  ship  was  nearly 
lost,  and  perhaps  another  inch  of  thickness  would  have  prevented  th« 
disaster  and  saved  additional  expenses, 

Mr,  Biiu>  said  that  in  his  experiments  he  only  had  a  temperature  of 
between  200  and  250  to  cover.  It  was  quite  usual  on  a  steam  pipe  to 
double  the  thickness  of  a  covering,  and,  no  matter  what  was  used, 
doubling  the  quantity  increased  the  cost.    In  no  case  in  his  exj>eriments 
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did  the  increase  of  efficiency  from  doubling  the  thickness  come  up  to  20 
per  cent.,  the  average  was  only  16  per  cent.  That  was  only  what  was 
expected,  considering  the  laws  of  heat.  If  the  first  inch  stopped  70  per 
cent,  of  heat  then  another  inch  would  barely  stop  the  remaining  80  per 
cent.  He  thought  a  material  had  no  right  to  be  called  a  non-conducting 
material  if  it  had  to  be  made  thicker  than  l£  inches. 

The  President  said  that,  as  somewhat  supporting  the  Secretary's 
theory  of  utilizing  air  as  a  covering  for  steam  pipes,  he  might  state  that  at 
his  pit  the  boilers  had  a  covering  of  fire-bricks  or  quarls,  supported  on 
iron  rails,  which  was  found  efficient  in  preventing  the  radiation  of  heat 
from  the  boilers,  and,  at  the  same  time,  the  boilers  could  be  got  at  without 
any  difficulty. 

The  meeting  then  concluded. 


PROCEEDINGS 


GENKRA  L  MEETING,  SAT  UK  DA  V,  APRIL  14th,  1883.  IX  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE 


GEORGE  BAKER  FORSTER,  Esq.,  PtiEStvesT.  in  the  CBAU. 


The  Secretary  rend  the  minutes  of  the  last  meeting.  The  minntea 
of  the  Council  meetings  held  on  March  ;>lfit  and  April  14-th  were  id  .so 
read,  including  the  Reports  of  the  Cmn  nut  tees  appointed  respectively  to 
deal  with  the  Hutton  Collection  of  Fossils,  and  to  consider  the  eircmn- 
tarices  in  connection  with  the  recent  explosion  of  an  Air-receiver  at 
Ryhope  Colliery. 

On  the  motion  of  the  President  the  minutes  and  reports  were 
con  tinned, 

The  following  gentlemen  were  elected,  having  been  previously  noin- 
inated : — 

a^sociats  tfWBWM — 

Mr.  Henuy  ARMSTRONG,  M.E.,  St.  Hilda  Colliery,  South  Shields, 
Mr.  Ingham  H.  Webster,  Rope  Manufacturer,  Morton  House,  Fence  Houses. 
Mr.  Peter  Sinclaib  H  aggie,  Gateshead  on-Tyne. 

St v dents — 

Mr,  Geobge  HrnnTp  Latuler  Qwitgi,  Corbrid^e  au  Tvne. 
Mr.  Douglas  H aggie,  Uivrton  Colliery,  South  Shields. 
Mr.  C.  H.  Steaybnson,  Durham. 

The  following  were  nominated  for  election  at  the  next  meeting: — 
Associates— 

Mr.  VVjLLiAir  Hill,  Colliery  Agent,  Carterthoruc  Colliery  Offices,  Witton-le 
Wear. 

Mr*  John  R.  Wilson,  Bvtlthe,  near  Bnrnsley. 
Mr,  VV.  J.  Phillips,  Aurioy  Hall  Colliery,  Atheretone. 

.Students— 

Mr.  Ralph  Richardson,  Field  House,  West  Rain  ton,  Fence  Houses. 
Mr.  AhthCr  D.  Milton,  Sberburn  House,  Durham 
Mr.  Robert  R.  Lib h man,  33,  Clay  pith,  Durham. 
Mr.  R.  8,  ANDERSON,  Els  wick  Colliery,  Newcastle-on-Tyni\ 


The  following  notes  relatire  to  a  paper  by  Mr.  Wigham  Rtchardsos 
"On  the  Strength  of  Wrought  Iron  in  Compression"  which  appeared 
in  Vol.  XXX.  of  the  Transactions,  were  read : — 

It  will  be  within  the  recollection  of  many  of  the  members  of  the 
Institute,  that  Mr.  Wigham  Richardson  read  a  paper  on  April  7th,  1880, 
which  was  discussed  at  the  time  it  was  read,  and  in  which  that  gentleman 
seemed  to  infer  that  the  inference  from  Fair  bairn's  experiments  was  that 
the  strength  of  pillars  in  compression  increased  as  the  sectional  area 
increased,  but  at  a  very  much  greater  rate.  When  the  mattei  was  discussed 
on  December  4th,  1880,  Mr.  Richardson  stated  that  he  intended  to  make 
some  experiments  on  this  subject,  and  he  desires  now  to  make  known  to 
(lie  members,  that  he  intrusted  them  to  bo  carried  out  by  Mr.  David 
Kirkaldy,  and  that  the  first  twelve  gave  the  following  results :  — 


EXPERIMENTS  ON  THE  STRENGTH  IN  COMPRESSION  OF  12  PIECES 
OF  TUDHOE  CROWN  IRON  BY  DAVID  KIRKALDY. 

titrto  ELuOc 

Diameter.  Length.  |nrS<|.  Inch 

Inches.  iuche*  Mvui  Tuti* 

li    2    14  895 

1  i   I      13*968 

1   1J    U-047 

i    \    13988 

As  therefore  these  results  were  so  unmistakeably  in  direct  opposition  to 
the  theory  which  vnw  set  up  in  his  paper,  he  thinks  it  only  right  to 
publish  them  in  the  Proceedings,  and,  with  the  information  thus  afforded, 
give  the  members  a  further  opportunity  of  discussing  the  undoubted 
discrepancies  in  the  formula  given  by  Fairbairu  and  others  on  this 
subject.  Mr.  Richardson  h:id  sent  up  the  actual  specimens  tested,  and 
they  could  be  examined  by  members  at  any  time. 


The  following  paper  by  Mr.  W.  8,  Grksley,  "On  Two  Systems  of 
Working  the  Main  CoaJ  at  Moira,  in  Leicestershire,"  was  then  read : — 
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TWO  SYSTEMS  OF  WORKING  THE  MAIN  COAL  AT  MOIRA, 
IN  LEICESTERSHIRE. 


Br  W.  S.  GRESLEY, 


The  following  observations  may  be  considered  as  supplementary  to  the 
paper  contributed  to  this  Institute  by  Mr.  George  Fowler,  at  the 
Birmingham  meeting,  in  1861,  and  published  in  the  Transactions,  Vol. 
X*,  page  161.  They  aim  at  giving  a  description  of  the  further  develop- 
ment of  the  methods  of  working  the  seam  of  coal  therein  described,  viz , 
the  "Main"  coal  of  the  Moim,  or  western  division  of  the  Leicestershire 
and  South  Derbyshire  coal-field. 

This  paper  is  intended  to  be  more  of  a  descriptive  than  an  argumen- 
tative one,  though  any  questions  put  will  of  course  be  replied  to. 

DESCRIPTION  OF  THE  MAIN  COAL. 

This  is  the  principal  bed  of  coal  in  the  district.  See  Map  and  Sec- 
tions, Plate  XIV.  Its  thickness  varies  between  10  feet  and  14  feet. 
It  is,  taking  it  as  a  whole,  a  hard  coal — some  bunds  being  exceedingly 
hard  and  tenacious ;  others  are  soft,  commonly  called  dice.  The  enlarged 
Section,  Fig.  3,  shows  the  different  beds  or  divisions  of  which  the  coal 
seam  is  made  up,  their  thickness,  and  leading  characteristics.  It  is 
a  valuable  house  coal  j  the  inferior  parts  make  a  useful  manufacturing 
fuel ;  the  upper  divisions,  when  burnt,  leave  a  white  ash,  the  lower  ones  a 
red  ash.  The  specific  gravity  of  the  over  coal  is  about  10  per  cent, 
higher  than  that  of  the  nether  coal. 

Although  containing  no  parting  in  the  southern  portion  of  the  coal- 
field, the  seam  is,  in  the  northern  district,  divided  into  two  distinct  beds; 
a  dirt-bed  setting  in,  in  the  middle  of  the  seam,  about  the  centre  of  the 
basin,  which  thickens  out  in  a  northerly  direction  until  near  the  outcrop; 
the  two  beds  are  separated  by  no  less  than  00  feet  of  measures.  It  is  also 
somewhat  remarkable  that,  whereas  in  the  south  the  upper  half  of  the 
seam  is  the  best  in  quality,  the  reverse  is  the  case  in  the  northern  end,  so 
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that  about  the  centre  of  the  coal-field  both  divisions,  or  in  other  words, 
the  whole  Beam,  is,  taking  it  altogether,  of  much  the  same  quality 
throughout.  It  is  in  this  locality  that  the  systems  to  be  described  have 
been  adopted.  See  X  on  Map,  Fig.  1,  Plate  XIV.  The  main  coal  is  met 
with  at  a  depth  of  about  850  yards  where  deepest,  which  is  in  the  neigh- 
bourhood of  Moira,  Section,  Fig.  2,  At  this  point  it  was  worked 
in  much  the  same  manner,  as  will  be  explained  under  No,  1  System,  the 
nether  coal  being  left.  See  Mr.  Fowler's  paper  before  referred  to.  The 
depth  at  which  No,  2  System  is  now  being  carried  on  is  about  290  yards. 
The  coal  lies  almost  flat,  but  it  is  much  broken  up  by  faults  (about 
as  many  downthrows  as  upthrows),  varying  between  a  foot  or  so  up  to 
14  yards,  naming  nearly  east  and  west.  The  cleat  of  the  coal  in  one 
portion  of  the  seam  is  no  criterion  as  to  the  direction  of  it  in  the  other; 
for  instance,  the  over  coal  may  be  much  subject  to  slips  (smooth  slippery 
joints  running  in  several  directions),  when  the  nether  coalisolten  entirely 
free  from  them.  The  coal  contains  a  good  deal  of  pyrites  or  stone,  which 
occurs  in  small  patches,  strings,  and  crystals,  and  as  thin  plates  in  the 
cleat  or  joints. 

Naturally  the  seam  is  very  liable  to  spontaneous  combustion,  even 
small  heaps  of  slack  lying  upon  the  gate  roads,  and  the  slack  within  the 
brattices,  shown  in  Plate  XVIII,  have  been  known  to  heat  and  take  fire. 

The  ruof  is  naturally  a  bad  one.  The  big  Rider  coal  is  a  moderately 
hard  seam,  and  burns  to  a  white  ash;  it  is  never  worked.  Occasionally 
it  is  found  lying  immediately  upon  the  main  seam,  when  an  aggregate 
thickness  of  something  like  16  feet  of  solid  coal  is  the  result.  Again,  it  is 
here  and  there  altogether  absent,  and  the  roof,  instead  of  being  composed 
of  clay,  is  replaced  by  bind  and  occasionally  by  sandstone. 

No  workings  of  any  description  have  I  urn  carried  on  either  above  or 
below  the  main  seam  in  the  locality  to  which  the  following  remarks  refer. 

To  those  who  are  acquainted  with  the  working  of  thick  scum*,  an 
inspection  of  t lie  plans,  sections,  and  tabular  statement  of  results  in 
working  given,  will  at  once  show  the  great  contrast  which  there  is,  and 
the  improvement  No.  t  System  must  obviously  l»e  over  No.  1  System;  but 
for  those  who  are  not  so  well  up  in  the  subject,  each  system  will  be 
described  somewhat  in  detail,  supplemented  with  a  few  observations  in 
support  of,  or  prejudicial  to,  the  one  or  the  other. 

The  remark  made  some  time  ago  by  Professor  W.  W.  Smyth,  in 
reference  to  the  wasteful  system  of  getting  the  ten-yard  seam  of  South 
Staffordshire  may  here  be  quoted  as  certainly  applicable  to  the  Moira 
district.    He  says : — "The  acknowledged  requisite  for  the  most  ndvwn- 
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ethod  of  working,  viz.,  the  combinat  ion  of  the  cheapest  mode 
of  extracting  the  greatest  possible  quantity  of  mineral,  with  the  safety  and 
comfort  of  the  men,  has  in  this  district  been  greatly  modified  by  the 
circumstances  of  position,  and  an  adherence  to  long  established  customs. 
In  a  few  rare  instances  only  have  any  attempts  been  made  to  substitute 
a  new  system  For  the  old  routine/* 

NO.  1  SYSTEM. 

This  was,  up  to  within  the  last  few  years,  the  only  method  of  working 
practised.  The  one  object  in  view  being  to  extract  the  hardest  or  so- 
called  best  divisions,  which  are  chiefly  confined  to  the  upper  half  of  the 
seam,  led  to  the  adoption  of  this  system  to  the  almost  entire  exclusion  of  any 
other.  Plates  XVII.  and  XIX.  show  tl  ie  usual  manner  in  which  the  under- 
ground workings  were  carried  on,  viz.,  a  modification  of  the  Long-wall 
method  on  the  Gob-road  system,  commencing  to  work  out  the  coal 
at  or  near  the  shaft,  pillar,  or  main-road  pillar  side,  and  extending  out- 
wards towards  the  boundary.  The  mode  of  operating  was  as  follows: — 
The  face  of  workings  which  averaged  about  6  feet  3  inches  in  height, 
was  generally  started  out  of  the  side  of  an  opening  oft*  head  (the  headings 
being  driven  partly  iu  the  over  and  }  tartly  in  the  nellu  r  oal,  say  c  feet 
high  by  8  feet  wide,  thus  avoiding  timber  for  roof).    The  holing  was 

3  feet  3  inches  in  depth,  the  bottoms  (grounds  and  scalps)  were 
first  benched  up  with  hammer  and  wedge,  and  stacked  up  on  one 
side  out  of  the  way  for  loading.  The  next  operation  was  to  draw  the 
sprags  and  to  break  down  the  remaining  coal,  which  was  done  hy  a  set  of 
men  called  drivel's,  12  or  H  in  numlter.    They  commenced  work  at 

4  a.m.,  following  the  holers,  who  began  several  hours  sooner,  placed  i hem- 
selves  along  the  wall  at  intervals  of  aWmt  li  feet,  and  went  through  the 
laborious  work  of  forcing  off  the  coals  hy  means  of  hammers  and  wedges 
up  to  the  l>ack  of  the  holing,  though  very  frequently  much  of  the  holing 
was  left  on.  The  coals  were  seldom  if  ever  brought  down  in  a  mass, 
but  were  much  broken  up,  and  of  course  much  slack  was  produced. 
The  driving  was  followed  up  by  the  filling;  four  tnljs  were  filled  simulta- 
neously, two  in  each  end  or  bank.  Preceded  by  the  fillers  a  man  was  em- 
ployed called  a  "  turner-out,"  who  overhauled  the  broken  down  coals  and 
placed  them  conveniently  for  loading  up;  two  tubs  were  filled  at  a  time. 
Scarcely  any  small  was  sent  out,  say  one  tub  in  every  ten  was  slack,  work 
slack  it  is  termed,  as  distinguished  from  heading  slack  or  slack  produced 
by  cutting  coal  in  driving  gate-roads.  This  was  loaded  separately  and 
paid  for  at  a  lower  price  than  for  the  coal. 
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The  fourth  set  of  men,  called  "  nights-men,"  appeared  upon  the  scene 
towards  the  close  of  the  day's  work.  Their  work  consisted  in  pulling  up 
the  rails,  clearing  out  the  floor  by  throwing  all  the  small  into  the  goaf, 
setting  holing  sprags,  drawing  the  back  wood,  setting  a  front  rank  of 
props,  ripping  the  gate-road,  building  brattices,  wax  walls,  etc.  Figs.  1  p  2. 
and  3,  Plate  XVII I.  Owing  to  the  great  length  of  the  stalls,  often  100 
yards,  the  push  made  towards  the  end  of  the  shift  to  get  the  work  oat 
was  anything  but  conducive  to  economy,  an  alarming  proportion  of  large 
being  gobbed  in  order  to  get  it  out  of  the  way,  to  make  room  for  the 
succeeding  shift. 

The  direction  of  the  gate-roads  depended  upon  that  which  the  ends 
or  cuttings  took,  and  these  were  of  course  regulated  by  the  length  of  face 
required,  by  faults  or  other  boundaries,  the  average  distance  apart  would 
be  from  80  to  100  yards.  They  were  made  and  maintained  as  follows: — 
On  leaving  the  shaft  or  other  solid  pillar  of  coal,  carefully  built  stacks 
or  brattices  of  cordwood  about  8  feet  in  width  were  put  up  on  either 
side  of  the  road  from  floor  to  roof,  leaving  a  clear  width  lietwecn  of 
from  8  to  9  feet.  Plan  and  cross  Section,  Figs.  1  and  2,  Plate  XVI I L 
Beyond  these  at  a  distance  of  about  3  feet  were  formed  walls  con- 
structed of  t<mgk  well-tempered  clay  called  wax,  about  10  inches 
thick,  well  beaten,  and  carefully  filled  in  up  to  the  solid  un cracked 
coal.  This  wax  wall  was  intended  to  prevent  fire  stinks  from  breaking 
out  along  the  rib  side,  which  purpose  it  only  partially  or  in  some 
instances  fulfilled.  Wax  walls  or  not,  a  lire-stink  very  frequently, 
sooner  or  later,  made  its  appearance  at  the  opening  off,  often  giving 
much  trouble  and  lasting  for  many  years.  It  was  the  practice 
to  fill  in  the  spaces  between  the  brattices  and  the  wax  walls  with 
slack.  As  the  fucrs  advanced  1 1  use  arrangements  were  carried  forward, 
always  being  kept  up  to  within  a  few  yards  of  the  working  face.  The 
roof  was  ripped  about  S  feet  6  inches,  tad  generally  required  barring. 
Fig.  3  shows  the  condition  of  a  gate-road  after  full  subsidence  had 
taken  place.  No  packs  were  built  in  the  stalls  excepting  at  the  fast  ends; 
these  were  for  keeping  open  a  short  air-way  along  t  he  curving  from  the  face 
kd  the  shallow  pits  (curry  pits),  which  were  sunk  down  into  the  nether  coal, 
and  gave  access  to  the  return  air-course  formed  beneath  the  goaf.  See 
dotted  lines,  Plat*.-  XVII.,  and  Fig.  l,  Plate  XVIII,  These  curry  pits  were 
put  down  at  say  every  20  yards,  and  short  holt-holes,  or  thirls,  were  driven 
from  them  into  the  air-way,  a*  each  new  pit  and  thirl  was  made  the  one 
to  rear  was  stopjied  off.  The  return  air-ways  were  only  about  8  feet 
h  put  re,  and  frequently  extended  many  hundred  yards  before  joining  the 
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main  air- way,  if  one  of  large  dimensions  were  employed,  which  was  not  at 
one  time  the  rule.  The  quantity  of  ventilation  capable  of  being  passed 
along  such  windings,  as  the  air-courses  were  termed,  was  very  limited. 
They  got  out  of  repair,  and  were  uot  too  often  travelled. 

As  the  workings  increased  in  distance  from  home  they  naturally 
became  very  close  and  even  hot,  in  fact  anything  but  comfortable  to  work 
or  even  to  travel  in.  Gob  fires,  and  the  breaking  in  of  water  here  and 
there,  also  helped  to  condemn  the  system.  Naked  lights  were  used;  gas 
was  seldom  seen.  For  supporting  the  roof  ordinary  puncheons  were  used, 
with  clogs,  or  lids,  about  30  inches  long  placed  on  the  top  of  them.  Cast 
iron  props  were  tried,  but  were  abandoned  being  considered  unsuitable. 
The  works  were  carried  on  under  the  Butty  system;  there  were  about 
thirteen  butties  in  each  stall.  Holing  was  paid  for  by  the  stint;  each  holer 
could  get  six  stints  per  shift,  or  12  yards  along  the  face,  3  feet  8  inches 
under.  The  drivers  got  say  five  sets  for  a  day's  work,  a  set  consisting  of 
1^  yards  un  the  face  by  A  feet  forward.  Filling  was  dime  at  per  ton. 
The  nightsmen  were  made  up  of  one  butty,  two  slack  throwers,  and  one 
repairer*  All  work  performed  in  the  stalls  was  paid  for  by  the  butties,  or 
contractors,  at  fixed  prices  regulated  by  the  manager  and  viewer.  The 
yield  per  acre  was  about  4,750  tons.    See  tabular  statement,  page  190. 

In  a  few  instances  the  above  method  of  working  was  practiced  with 
this  difference,  that  instead  of  working  outwards  by  gob-roads,  working 
home  in  the  solid  was  substituted,  the  goaf  being  all  left  behind.  This 
plan  was  in  some  ways  an  improvement,  and  the  charter  or  contract  price 
for  getting  was  about  2d.  per  ton  less,  but  the  extra  cost  incurred  in 
driving  the  gate-roads  had  to  lie  added,  so  that  on  the  whole  not  very 
much  was  gained  by  the  change,  though  the  greater  convenience  obtained 
with  respect  to  ventilation,  less  chance  of  spontaneous  fires,  comparative 
freedom  from  water,  gas,  etc.,  less  timber  required,  more  easily  main- 
tained roads,  a  knowledge  of  the  size  and  direction  of  faults  to  lie  crossed, 
and  bo  forth,  was  clearly  a  step  in  the  right  direction. 

NO.  2  SYSTEM. 

This  was  commenced  about  four  years  ago.  The  leading  features  are, 
to  work  out  a  much  larger  proportion  of  the  seam,  to  do  away  with  the 
costly  process  of  wedging  down  the  bulk  of  the  coal,  to  produce  the  coal 
in  large  masses,  thus  obtaining  it  in  a  better  condition  for  stacking  or 
carriage,  and  to  materially  mince  the  cost  of  extraction.  This  method 
is  known  as  working  back  or  working  home.  The  gate-roads,  air-courses, 
and  opening-off  headings,  are  first  driven,  thus  proving  any  faults,  old 
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workings,  etc.  The  stall  faces  are  then  started.  All  brattices,  wai- 
walling,  earrings,  curry  pita,  long  windings  gob  fires,  ripping  of  gate- 
roads,  etc.,  incidental  to  No.  1  System,  are  thus  rendered  unnecessary. 

The  gate-roads  are  formed  in  the  nether  coal,  leaving  about  o  feet  of 
coal  for  a  roof,  and  1  foot  under-foot.  Tbey  are  driven  about  50  yards 
apart.    See  Plate  XX. 

These  im; ids  :nv  driven  on  an  enliiv.lv  new  method,  which  enables  a 
greater  proportion  of  round  coal  to  be  obtained  than  has  hitherto  been 
produced  by  heading  in  the  district.  In  the  first  place,  what  umy  be 
called  a  pioneer  beading  (8  feet  3  inches  by  8  feet  8  inches)  is  driven 
forward  on  one  side,  or  in  one  corner,  level  with  the  floor  of  the  intended 
way,  to  a  distance  of  say  5  yards.  Secondly,  the  coal  is  holed  for  about 
G  feet  along  the  side  of  the  little  head  G  feet  deep.  Thirdly,  the  coal  is 
cut  or  nicked  on  t  hat  side  which  is  over  the  little  head  to  a  depth  of  about 
<;  feet,  tliis  is  Lcimed  a  shoulder-cutting,  Lastly,  a  shot  is  put  in,  say  a 
foot  or  18  inches  from  the  roof,  and  the  couls  fall  in  large  blocks.  The 
finished  size  of  such  a  gate-road  is  0  feet  wide  by  8  feet  high.  The 
pioneer  or  little  head  ie  always  kepi  about  8  yards  in  advance  of  the  back 
t if  the  large  heading.  For  each  yard  advance,  about  7  tons  7  cwt&  of 
coal  and  small  will  be  produced,  alnmt  73  per  cent,  of  which  is  large  coal. 
See  Table  page  1 1H>.  The  weekly  advance  will  be  about  1 7  yards  =  125  tons. 

Four  men  can  work  at  the  hack  simultaneously,  viz,:— One  to  drive 
the  pioneer  [leading.  <  ne  to  hole,  one  to  shoulder-cut  am]  drill  the  shot 
hole,  and  one  to  load  up  the  coal. 

The  ventilation  is  maintained  by  brattice  cloth  8  feet  wide,  All  the 
over  coal  being  left,  no  timber  is  required  to  carry  the  roof. 

Air-ways,  if  formed  for  ventilation  only,  are  made  about  4  feet  square, 
wIh'u  Hi'  no  great  length,  and  always  in  the  bottom  coal. 

Turning  tu  Plate  XXI I.,  it  will  be  seen  that  the  holing  is  made  to  a 
depth  of  not  less  than  i)  feet,  and  when  the  sprags  are  taken  out  the 
coal  generally  falls  up  to  al>otU  8  feet  in  thickness  from  floor.  A  shot  has 
occasionally  to  be  put  in  to  bring  the  coal  away,  but  there  is  a  good  shed 
at  top.  When  three  or  tour  webs  or  falls  have  been  worked  off,  jweks 
about  9  feet  in  w  idth  arc  built,  having  spaces  or  bays  l>etwecn  them  18 
feet  wide,  excepting  that  opposite  the  gate-road,  which  is  only  12  feet  in 
width*  Plate  XXI.  These  packs  are  carried  forward  in  jtfirallel  lincii, 
being  added  to  as  each  web  is  removed.     Plates  XX.  and  XXI. 

The  over  ei*altor  gob  coal  as  it  is  common  ly  called,  is  systematically  taken 
di « w  a  i n  I  he  vs  as'  es  1  between  t  he  j  lacks  up  U  i  the  second  rank  of  props.  Coal 
on  the  t"pot  the  pack*  is  wrought  in  the  following  way,  see  Platen  XX  I.  and 
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XXIII. : — It  fa  worked  oat  backwards  or  away  from  the  face,  commencing 
at  a  bolt-hole  or  thirl ,  which  is  first  cat  through  in  the  gub  coal  a  yard 
or  two  to  the  rear  of  the  front  of  the  pack,  and  going  in  about  10  yards, 
generally  leaving  about  two  yards  of  cual  against  the  last  bolt-hole.  At 
the  back  of  the  wastes,  as  soon  as  all  available  coal  has  been  got  out,  the 
timber  is  drawn,  and  the  roof  allowed  to  fail  in,  and  should  the  place 
show  signs  of  heating,  it  is  forthwith  stacked  out,  a  cross  pack,  one 
built  right  across  a  waste  between  two  ordinary  packs,  is  put  in,  and 
when  necessary,  the  front  of  it  is  thickly  smeared  with  well  tempered  clay. 
The  process  is  called  waxing;  but  with  regular  working,  and  a  moderately 
good  roof,  this  is  seldom  required.  It  is  customary  to  put  in  a  cross 
pack  about  every  20  yards.  The  packs  arc  built  chiefly  of  stone  coal  gut 
iu  the  waste.  The  only  drawback  to  this  system  of  working  seems  to  be 
the  large  percentage  of  small  produced,  caused  by  breaking  up  the 
nether  coal  for  loading  into  tube.  It  will  often  get  (tall  over  from  the 
face)  in  immense  sulid  blocks,  from  (J  to  10  tons  iu  weight,  but  will  not 
stand  much  handling  and  knocking  about. 

The  mode  of  ventilating  is  very  simple  and  efficient.  Besides  the 
main  current  of  air  coursi tig  along  the  faces,  a  second  one  flows  through 
the  wastes,  passing  from  one  to  another  through  the  bult-holcs  in  the  upper 
coal.  Plates  XXL  and  XXI II.  As  the  result  of  changing  the  system, 
whereby  the  narrow  windings  (air-ways  under  the  goavesj  have  been  done 
away  with,  the  water-gauge  is  now  *G  inches  as  against  '95  inches  under 
the  old  system.  See  tabular  statement,  page  190.  Gas  is  seldom  seen, 
and  it  is  usual  to  meet  with  it  only  in  the  broken  down  places  in  the 
backs  of  wastes,  and  against  rib-sides  at  the  goaf  edges  at  the  rise  end  of 
a  range  of  stall  faces. 

The  several  operations  performed  in  getting  the  coal  in  the  manner 
just  described,  are  carried  out  thus: — The  holing  is  dune  by  a  shift  of 
men  who  work  from  2  a.m.  till  say  lu  a.m.;  each  man  holes  at  least  one 
stint,  that  is,  7  feet  in  length  and  6  feet  nuder  =  42  square  feet. 
Butties  then  draw  the  sprags  and  bring  down  the  coal;  they  also  get  the 
gob-coal,  and  assist  in  building  packs  and  setting  timber,  stacking  out, 
etc.  At  7  a.m.  the  fillers  cotne  in  and  work  till  a  p.m.;  one  of  the  butties 
always  accompanies  the  turn,  loading  ont  the  coals.  The  work  is  paid 
for  in  the  same  way  as  under  the  old  system.  It  is  generally  found  that 
the  coal  gets  best,  produces  the  greatest  quantity  of  large,  when  it  is 
worked  about  three  on  face  to  one  on  end,  known  as  horn  coal. 

The  reason  No,  2  System  was  adopted  was  chiefly  on  account  of  the 
very  high  cost  of  getting  and  the  large  consumption  of  timber  attending 
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the  old  method.  The  greater  uniformity  in  thickness  and  quality  of  the 
nether  as  compared  with  the  over  coal  also  favoured  the  change,  which, 
although  entailing  the  loss  of  a  small  portion  of  the  over  coal  necessarily 
left  in  the  wastes,  amounting  to  say  10  per  cent,  of  that  particular  bed,  is 
probably  fully  compensated  for  in  the  extra  quantity  of  large  coal  obtained 
from  the  nether  seam  due  to  the  new  system  of  holing  and  getting*  The 
grounds  also  which  are  now  obtained  whole  and  in  blocks  of  almost 
unmanageable  size,  were  formerly  knocked  to  pieces  by  the  wedging 
system.  Thns  it  will  be  noticed  that  the  working  of  the  entire  thickness 
of  the  nether  cual  is  a  clear  gain.    Compare  Plates  XIX.  and  XX IL 

As  regards  accidents  due  to  the  change  of  system,  so  far  there  has 
been  nothing  serious  whatever,  and  it  is  considered  that  the  new  method 
is  quite  as  free  from  danger  as  the  old  one.  Gas  when  seen  is  now  much 
further  away  from  the  men  than  before.  No  change  in  the  lighting  has 
been  introduced,  naked  light*  being  the  rule.  Shot  firing  is  only  practiced 
when  the  coals  will  not  easily  fall,  and  when  it  is  required  to  break  up 
blocks  too  large  to  be  dealt  with,  with  hammer  and  wedge.  The  whole 
length  of  face  only  being  turned  over  or  gone  through  once  a  week  allows 
the  roof  to  settle  and  weigh  upon  the  timber  to  a  considerable  extent, 
and  it  is  thought  that  the  driving  of  more  gate-rouds,  soy  about  double 
the  number  now  formed,  would  materially  benefit  the  system;  it  would  at 
any  rate  enable  the  output  to  be  largely  increased  if  required  withont 
extending  the  pit  room;  in  fact  were  it  practicable,  four  times  the  number 
of  hands  could  be  put  into  the  same  length  of  face,  or  the  output  increased 
in  like  proportion.  It  must  not  be  supposed  that  the  so-called  slack 
sent  out  of  the  works  is  really  quite  mall  stuff,  for  about  titi  percent, 
of  it  consists  of  cobbles  and  nut*,  the  remainder  being  dust.  About 
10  per  cent,  of  the  gross  output  is  slack.  Were  it  practicable  a  consider- 
able extra  quantity  of  slack  would  be  sent  out  without  seriously  affecting 
the  safety  of  the  stalls  in  regard  to  tire  stinks,  it  i*  necessary,  however, 
to  have  something  to  gob  with  in  order  to  prevent  them. 

The  advantages  derived  from  the  alteration  of  the  systems  of  working 
may  be  summed  up  as  follows : — 

1.  — Less  waste  in  working,  or  nearly  double  the  yield  for  the  same 

area  worked, 

2.  — Less  liability  to  accidents,  particularly  from  fire-damp. 
:i — Almost  entire  immunity  from  spontaneous  combustion, 

4.  — Reduced  cost  of  getting,  including  timbering. 

5.  — Less  pit  room  required*  or  in  other  words,  quadruple  the  outpu 

for  the  same  length  of  face. 
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General  Section  of  Mines  of  the  Leicestershire 
and  South  Derbyshire  Coalfield. 
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fi.— Less  men  per  stall  to  the  extent  of  44  per  cent.,  or  an  increased 
weight  of  coal  got  per  man  per  day, 

7.  — A  far  better  roof  to  work  under. 

8.  — Ability  to  work  the  lower  half  of  the  seam  where  the  upper 
portion  is  inferior, 

9.  — Having  the  coal-field  proved  before  commencing  to  work  back, 
thereby  enabling  faults  to  be  crossed  and  dealt  with  in  the 
most  advantageous  way. 

10.  — The  abolition  of  wedging  down  the  coals;  a  very  laborious, 
wasteful,  and  expensive  operation. 

11- — Increased  facilities  as  regards  ventilation  of  the  working  places 
and  gate-roads. 

12, — Greater  comfort  afforded  to  both  men  and  horses  whilst  at  work, 
due  to  a  purer  and  cooler  atmosphere,  more  even  roads,  more 
space  to  work  in,  and  getting  more  work  out  of  the  men  per 
shift. 

In  conclusion,  the  revolution  in  the  system  of  working  this  seam  of 
coal  has  rcsuked  in  two  main  features: — 

1.  — Greatly  increased  economy  in  working  expenses  combined  with 

much  tan  waste  of  coal  in  the  pit. 

2.  — A  lowering  of  the  average  selling  price  per  ton  in  consequence  of 
two  things: — 

a.  — A  smaller  proportion  of  the  best  quality  due  to  the 
working  of  about  one-half  the  area  for  the  same  output. 

b.  — Getting  the  lower  portion  of  the  seam,  which  is  com- 
paratively soft,  and  for  which  something  like  two  shillings  per 
ton  is  obtained  less  than  for  the  upper  part  of  the  seam.  So 
that  although  profits  may  be  no  greater  than  formerly,  they 
will  continue  under  similar  circumstances  to  be  made  over 
double  the  time  that  they  otherwise  would,  because  the  seam  is 
only  being  exhausted  at  one-half  the  former  rate. 

The  author  hereby  acknowledges  his  thanks  to  Mr.  G.  Buxton,  who 
has  assisted  in  preparing  this  paper,  and  under  whose  supervision  the  new 
system  of  working  described  has  been  so  successfully  carried  out. 


The  President  said,  that  this  was  a  very  interesting  and  descriptive 
paper,  about  work  they  were  not  accustomed  to  here.  He  proposed  a 
vote  of  thanks  to  the  author,  which  was  carried  by  acclamation. 
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Mr.  E.  B.  Martex  read  the  following  paper  "On  Ex  pit*  ions  of 
Boilers  and  other  vessels:"— 


EXPLOSIONS  OF  BOILERS  AND  OTHER  VESSELS. 
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ON  EXPLOSIONS  OF  BOILERS  AND  OTHER  VESSELS. 


Br  E.  B.  MARTEN, 


When  the  paper  was  read  Mr.  Marten  exhibited  about  twenty  cases  of 
models  of  exploded  boilers,  each  containing  about  twenty  specimens. 
On  the  walls  were  hung  numerous  sketches  and  photographs  of  exploded 
boilers.  Elastic  models,  historical  models  of  various  forms  of  boilers, 
the  apparatus  for  experiments  on  the  spheroidal  condition  of  water,  the 
decomposition  of  steam,  and  the  hydro-electric  machine  were  also  placed 
for  inspection. 

The  models  have  been  the  collection  of  more  than  twenty  years,  and, 
with  the  volumes  of  11  Records  of  Boiler  Explosions11  and  the  photo- 
graphs  2H1-1  sketches,  form  a  very  eompk-te  illustration  of  the  subject. 

Two  objects  have  been  kept  in  view.  The  first  was  to  collect  the 
best  possible  information  as  to  the  facts  of  every  explosion,  with  a  view 
to  ascertain  the  cause,  and  the  second  was  to  make  that  information 
available  to  those  interested,  more  especially  to  those  having  the  actual 
care  and  working  of  boilers. 

Reading  being  at  best  but  a  tedious  process,  it  was  found  that  a  few 
sketches  saved  a  volume  of  description.  It  was  further  found  that  a  few 
models  were  worth  a  folio  of  sketches,  and  also  much  assisted  in  making 
the  most  effective  and  instructive  pictures. 

In  order  to  extract  as  much  instruction  from  the  whole  exhibit  as 
possible  in  a  limited  time,  some  diagrams,  given  in  Plates  XXIV.  to 
XXIX.,  have  been  specially  prepared  for  this  meeting  to  convey  the 
points  of  greatest  interest  with  the  least  possible  description.  A  few 
words  will  explain  the  purpose  of  each  figure  on  the  diagrams. 

First,  as  to  the — 

MODE  OF  ILLUSTRATION. 
Fig.  1,  Plate  XXIV.,*  is  a  copy  of  a  very  good  drawing  of  a  small 
exploded  plain  cylinder  boiler  at  Manchester,  1848,  which  suggested  that 
perspective  sketches  are  better  than  engineering  plana  and  sections  for 
illustrating  boiler  explosions. 

*  Presented  by  Mr.  William  Smith  to  the  Institution  of  Mechanical  Engineer*. 
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Pi*r.  2,  Plate  XXIV.,*  contains  extracts  from  n  pictorial  catalogue  of 
damaged  parts  of  exploded  boilers,  made  as  a  permanent  record  of  an 
exhibition  of  such  things  at  a  meeting  of  continental  engineers  especially 
engaged  in  boiler  inspection.  They  suggested  an  effective  form  of  clear 
sketching. 

Fig.  3,  Plate  XXIV.,t  is  a  sketch  of  the  locomotive  M  Neversink," 
which  exploded  at  Reading,  in  America,  in  1845,  and  is  also  an  effective 
representation  of  what  happened. 

Fig.  4t  Plate  XXV.,  is  a  perspective  view  from  the  very  complete 
drawings  in  the  Institute  Transactions,  Vol.  XI.,  page  27,  of  a  boiler 
explosion  at  Keaton  Burn,  18(i0,  and  shows  how  much  information  may 
be  conveyed  in  one  such  view. 

Very  early  in  the  course  of  collecting  particulars  of  exploded  boilers 
it  was  found  wise  to  take  sufficient  details  to  make  models  of  the  boilers 
before  and  of  the  fragments  after  explosion.  It  was  further  found  that 
the  most  effective  sketch  of  the  whole  could  be  obtained  by  placing  the 
model  fragments  around  the  model  boiler  in  their  relative  position,  and 
also  in  the  best  way  to  obtain  a  perspective  view  of  the  whole.  Great 
assistance  in  this  was  given  by  the  camera  seen  on  the  table,  and  repre- 
sented in  Fig.  5,  Plate  XXV.  The  drawing  is  made  with  French  chalk 
on  glass  roughened  with  acid,  or  on  perforated  paper,  the  models  being 
seen  beyond,  the  eye-pice  insuring  sternly  continuance  in  the  same  view. 

Fig.  fi,  Plate  XXV.,  shows  rather  a  complicated  explosion,  which  was 
unravelled  by  means  of  placing  the  model  fragments  in  their  relative 
positions,  and  then  studying  the  chain  of  circumstances  that  brought 
them  in  such  unexpected  positions.  The  only  original  damage  to  the  boiler 
was  a  pocket  over  the  fire,  which  was  burnt  through,  and  the  reaction 
of  the  Issuing  contents  turned  the  boiler  end  for  end  ;  but  as  this  knocked 
off  one  end  of  the  boiler  the  reaction  of  the  contents  from  the  open  e 
sent  the  boiler  in  the  opposite  direction. 

Fig.  7,  Plate  XXV4,  shows  the  lines  of  rupture  in  an  air  vessel,  which 
burst  under  proof  at  320  lbs.  pressure,  and  being  three-quarters  of 
inch  thick  and  double  riveted,  caused  much  speculation  as  to  the  cause, 
because  the  fragments  were  so  many  and  so  widely  scattered.  As  soon  aa 
the  fragments  were  put  together  it  became  certain  the  rents  commenced 
at  the  manhole,  which  was  found  to  l>e  a  cast-iron  frame,  as  usually 
for  ordinary  boilers,  without  allowance  for  the  extra  strain  for  such  h 
pressure. 

*  Osfl  prt'WHted  to  Institute, 
f  Itcport  uf  Committee  of  Franklin  Institute. 
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It  is  always  important  to  ascertain  the  position  of  the  first  rupture, 
but  this  cannot  always  be  found  by  merely  placing  of  the  fragments 
without  consideration  of  the  appearance  of  the  ruptured  edges. 

Fig.  8,  Plate  XXV.,  gives  specimens  of  ruptures  of  plates  or  seams 
by  mere  pull,  or  by  tearing  upwards  or  downwards.  Those  shown  at  n 
and  d  may  be  first  ruptures,  but  it  is  difficult  to  suppose  that  any  of  the 
others,  b,c%*tf,  could  be,  because  the  parts  must  have  altered  their  shape 
and  position  from  sorae  previous  rupture  before  such  tears  could  take 
place* 

Fig.  9,  Plate  XXV.,  gives  a  sample  of  an  explosion  which  caused 
some  puzzling,  and  some  large  pools  were  dragged  expecting  to  find  the 
front  end  blown  to  the  front,  but  careful  examination  of  the  line  of 
fracture  showed  that  it  had  hinged  on  the  good  upper  part  of  the  ruptured 
seam,  and  had  therefore  be&n  thrown  backwards,  and  it  was  subsequently 
found  in  a  very  small  deep  pool  to  the  rear  neatly  packed  away  out  of 
eight  just  beneath  the  water. 

AS  TO  THE  CAUSES  OK  EXPLOSION* 

It  would  be  most  tedious  to  go  through  each  model,  and  therefore  a 
few  selected  cases  are  given  from  which  important  lessons  have  been 
learnt  in  the  past.  As  the  printed  *f  Records  of  Boiler  Explosions  since 
18G2"  contain  sketches  of  nearly  all  cases  of  interest  with  complete 
tabulated  index,  these  will  not  be  repeated  here,  a  few  special  drawings 
for  this  paper  being  better  suited  to  the  purpose. 

Fig.  10,  Plate  XXVI,,  represents  the  exploded  boiler  of  the  H  Cricket/' 
Thames  steamer,  which  caused  great  discussion  in  1*47.  The  front  end 
had  the  whole  pressure  with  only  one  small  stay  at  the  hack  of  the 
smoke-box,  and  was  therefore  of  very  weak  shape,  but  the  immediate 
cause  of  the  explosion  was  the  fastening  of  the  safety-valve,  as  some 
asserted,  by  being  purposely  tied  with  string,  but,  as  subsequently  ascer- 
tained, by  the  deck  of  the  vessel  or  the  covering  being  put  down  over  it 
without  allowance  for  its  rising. 

Fig.  11,  Plate  XXVL,  represents  the  coffee  roaster,  which  burst  at 
No.  1,  St.  Paul's  Churchyard,  and  killed  Mr.  Dakin,  the  inventor.  High- 
pressure  superheated  steam  was  introduced  into  a  small  annular  space 
between  the  outer  and  inner  cases*  It  worked  well,  aud  answered  its 
purpose  admirably  on  several  occasions.  On  being  set  to  work  on  the 
day  of  the  explosion  it  failed  immediately,  a  small  piece  being  blown  out. 
It  was  found  that  some  water,  condensed  from  the  steam  used  before,  had 
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not  been  drained  out,  and  the  superheated  steam  suddenly  converted  this 
into  b team  of  very  high  pressure,  which  eould  not  find  vent  in  the  small 
pipes  connected  with  the  apparatus.  The  vessel  waB  also  weakened  by 
rapid  and  unequal  expansion. 

Fig,  12,  Plate  XXVI.,  represent*  a  most  fatal  explosion  at  Millfields  in 
1862,  where  twenty-nine  people  were  killed,  and  which  created  a  pre- 
judice against  this  otherwise  economical  form  of  boiler  for  using  the  heat 
from  puddling  or  mill  furnaces,  from  the  fact  that  they  must  stand 
among  the  men,  and  in  case  of  rupture  the  water  gets  amongst  the 
heated  metal  and  increases  the  mischief.  In  this  case  the  diameter  was 
excessive,  being  11  feet,  and  the  gauge  was  found  to  be  incorrect,  so 
that  it  was  57  lbs.  when  showing  only  oO.  All  the  sketches  of  similar 
furnace  boilers  will  be  found  collected  in  the  introduction  to  the  second 
volume  of  **  Records." 

Fig.  13,  Plate  XXVI.,  shows  the  damage  which  resulted  from  a  very 
small  boiler  which  exploded,  at  Walsall,  18G5,  wrecked  the  house  in  which 
it  took  place,  and  flew  over  a  wide  market  place  and  destroyed  the  upper 
story  of  a  house  on  the  other  side.  The  manhole  had  been  cut  dispro- 
portionately large,  leaving  no  plate  between  it  and  the  end,  so  that  the 
end  had  been  blown  out  when  the  contents  issued  so  violently  as  to  cause 
the  light  boiler  to  re-act  like  a  rocket. 

Fig.  14,  Plate  XXVI.,  shows  a  boiler,  Elsecar,  1868,  in  good  con- 
dition, out  of  which  a  piece  of  plate  was  blown,  localise,  although  beneath 
the  water  line,  it  became  softened  by  the  overheating,  caused  by  the 
flame  from  a  furnace  impinging  so  directly  upon  it  as  to  keep  up  a  con- 
tinuous flow  of  steam,  and  prevent  water  remaining  in  contact  with  it. 

Fig,  15,  Plate  XXVI.,  shows  an  exploded  Bnttcrley  boiler,  at  Wj 
1 8Gr»,  which  was  not  intended  to  have  more  than  6  lbs.  working  pres- 
sure, and  which  was  properly  supplied  with  fittings  and  warning  whistles 
to  keep  it  safe.  The  whistle  was  afterwards  found  on  the  engine-house 
roof  gagged  with  hemp,  and  within  the  engine-house  was  a  self-regis- 
tering clock-gauge,  which  showed  the  pressure  must  have  run  up  above 
2"  lbs.  before  the  explosion.  As  it  is  the  only  instance  known  of  the 
exact  pressure  of  an  explosion,  the  clock-gauge  is  sketched  on  the  dia- 
gram as  of  peculiar  interest. 

Fig,  ltit  Plate  XXVI.,  is  from  Sir  William  Fairbairn  s  report  on  the 
explosion  of  the  locomotive  41  Irk"  at  Miles  Plaiting,  in  which  he  em- 
bodies so  many  useful  experiments  as  to  the  strength  off  stays-  It  is  a 
matter  of  satisfaction  to  record  that,  as  an  old  investigator  of  the  subject 
of  boiler  explosions,  he  much  encouraged  the  writer  as  a  kyinner  in  col- 
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lectiug  information,  and  also  approved  the  form  of  illustration  adopted  by 
the  writer  which  made  the  matter  clear  to  enginemen  and  boiler-minders* 

Fig.  17,  Plate  XX VL,  Manchester,  1858,  has  a  sad  interest,  as  the 
explosion  killed  Mr.  Forsyth,  who  was  the  first  proposer  of  systematic 
inspection  as  the  best  means  of  preventing  explosions.  The  boiler  gave 
way  while  being  caulked  nnder  steam  testing. 

Fig.  ]  8,  Plate  XXVI.,  shows  an  early  form  of  boiler  adopted  for  steam 
carriages  on  common  roads,  when  it  was  hoped  they  might  prevent  the 
necessity  of  railroads.  It  was  excellent  for  the  purpose  of  getting  steam, 
but  of  so  weak  a  shape  that  it  burst  by  the  twist  given  it  when  a  wheel 
came  off  the  coach  at  Glasgow,  1834, 

Fig,  19,  Plate  XXVI,,  shows  an  explosion  at  Banbury  in  1857,  arising 
from  the  broken  end  of  a  connecting  rod  of  a  locomotive  being  pushed 
by  the  crank  through  the  fire-box  of  the  boiler.  Its  special  interest  to 
the  writer  is  that  he  was  in  the  train  behind  it,  and  was  awakened  from 
sleep  by  the  burning  coals  coming  up  on  the  window. 

Fig,  20,  Plate  XXVI.,  Dudley,  1807,  is  given  as  a  specimen  of  the 
enormous  size  of  many  old  balloon  boilers.  It  is  22  feet  diameter,  and 
would  make  a  good  sized  room. 

Fig,  21,  Plate  XXVI.,  shows  an  explosion  at  Corbyn's  Hall  in  1862, 
which  raised  much  discussion  at  the  time,  as  the  crown  of  the  centre  tube 
which  was  subsequently  found  in  the  down  flue  beneath,  was  at  first 
missing.  Shortness  of  wTater  was  the  supposed  cause,  but  it  was  after- 
wards foand  to  have  been  what  is  called  "drum-head"  motion  in  the 
crown  plate.  The  enlarged  section  at  the  bottom  of  the  diagram  shows 
that  each  varying  pressure  from  the  working  of  a  steam  hammer  must 
have  caused  movement  in  the  plate,  soon  producing  a  line  of  weakness, 
as  in  paper  bent  frequently,  aided  by  the  corrusion  from  the  scale  being 
constantly  driven  off  by  the  frequent  bending. 

Fig.  22t  Plate  XXVL,  Bhows  the  explosion  of  tube  boilers,  which  were 
supposed  free  from  danger. 

The  behaviour  of  the  forces  pent  up  in  a  boiler  and  other  vessels 
when  set  at  liberty  is  worthy  of  study. 

The  extreme  violence  of  some  boiler  and  other  explosions  have  led  to 
the  supposition  that  steam  sometimes  assumes  an  explosive  property,  and 
such  an  idea  is  reiterated  after  any  explosion  more  puzzling  than  usual. 
Professor  Airy  has  demonstrated  that  a  cubic  foot  of  water  heated  to  the 
temperature  of  steam  at  60  lbs.  pressure  has  the  energy  when  liberated  of 
1  lb.  of  gunpowder.  He  points  out  that  the  store  of  steam  contains  but 
little  energy,  but  the  heated  water  is  the  source  of  destruction. 
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In  a  boiler  explosion  the  liberated  steam  and  water  immediately 
occupy  a  large  space  previously  rilled  with  air,  and  then  as  quickly  con- 
dense tmd  leave  a  vacuum  in  place  of  the  plenum*  The  air  has  to  pack 
itself  away,  and  then  returns  to  its  place,  which  often  causes  walls  and 
buildings  to  fall  towards  the  scene  of  explosion. 

Fig.  23,  Plate  XXVI L,  shows  the  comparatively  small  disturbance  from 
the  explosion  of  a  vessel  of  steam*  The  air  in  normal  condition  is  shown 
by  equidistant  crosses.  The  contents  of  the  ruptured  vessel  occupy  a 
space  and  drive  some  air  away,  the  intruding  air  being  represented  by 
dots. 

Fig.  24,  Plate  XXVIL,  shows  how  on  the  condensation  of  the  s 
the  air  rushes  back  to  fill  the  space* 

Fig.  25,  Plate  XXVIL,  shows  the  far  greater  effect  from  a  vessel  of 
heated  water  and  steam.  Far  more  air  has  to  be  packed  away,  which 
returns,  Fig.  "26,  with  greater  violence  after  the  condensation  of  the 
steam. 

Fig.  27,  Plate  XXVI I.,  shows  the  supposed  effect  of  the  explosion 
of  gunpowder  or  gas,  and  Fig.  28  the  return  of  the  air  to  the  space 
occupied,  by  the  heated  products  of  the  explosion.  In  this  case  the 
residual  products  when  cold  occupy  more  space  than  the  water  from 
the  condensed  steam* 

Fig.  29,  Plate  XXVIL,  shows  the  quicker  action  of  dynamite,  and  the 
supposed  wave  of  vibration  which  causes  the  peculiar  shaking  which 
is  so  destructive  to  glass,  The  writer  was  very  close  to  the  recent  dyna- 
mite explosion  at  Westminster,  and  thus  accounted  for  the  number 
of  windows  broken  and  the  ringing  of  the  bells  in  the  attics  of  his 
office. 

Fig.  30,  Plate  XXVIL,  shows  the  different  condition  of  things  when 
a  vessel  of  air  explodes,  which  simply  allows  its  contents  to  flow  into 
atmosphere  until  an  average  is  attained,  and  as  no  partial  vacuum  is 
found  there  is  no  rush  back  of  air. 

Fig.  31,  Plate  XXVIL,  shows  the  same  when  such  a  vessel  explodes 
in  a  narrow  tunnel,  when  the  effect  must  bo  felt  to  a  greater  distance. 

Fig.  32,  Plate  XXVIL,  shows  an  experimental  apparatus  for  testing 
bands  of  light  material  spread  round  a  bladder,  which  although  not  bigger 
than  a  man's  fist,  shook  and  broke  the  windows  of  the  room  when  it  waa 
burst. 

Fig,  33,  Plate  XXVIL,  represents  another  effect  of  "atmospheric  im- 
pact," in  the  violent  recoil  of  a  pistol  fired  with  a  penny  on  the  muzzle. 
It  buried  itself  in  the  ground. 
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Fig.  34,  Plate  XXVII.,  represents  a  further  effect  of  the  resistance  of 
the  air.  Two  gun  barrels  are  screwed  breech  to  breech,  and  the  charge 
of  powder  is  put  in  the  usual  place,  with  a  wad  and  a  bullet  beside  it. 
On  firing  it  the  bullet  will  be  projected  out  with  considerable  violence, 
because  the  air  in  the  other  barrel  will  bo  so  jam  bed  by  the  sudden 
compression  as  to  act  as  a  breach. 

EXPERIMENTAL  EXPLOSIONS. 

These  have  not  very  greatly  assisted  in  the  investigation  of  the 
causes  of  explosion.  They  have  been  more  relied  on  in  America  than 
in  England. 

Fig.  35,  Plate  XXVIII.,  shows  the  result  of  a  notable  one  by  the 
Committee  of  the  Franklin  Institute  in  1886,  but  on  too  small  a  scale  for 
any  safe  deductions  to  be  made  from  it, 

A  more  interesting  set  were  carried  out  by  another  Committee  at 
Sandy  Hook  in  1872,  on  an  old  land  boiler,  Fig.  30,  Plate  XXVIII,; 
on  a  flat  vessel  to  test  staying,  Fig,  37,  Pluto  XXVIII. ;  and  on  an  old 
marine  boiler,  Figs.  38  and  39,  Plate  XXVIII. 

Others  were  conducted  at  Pittsburg  by  the  same  Committee.  More 
lately  some  private  experiments  were  made  at  the  latter  place,  and  Fig. 
40,  Plate  XXVIII.,  represents  the  result  of  one,  but  their  value  is  much 
diminished  as  they  were  conducted  rather  for  private  interests  than 
scientific  knowledge. 

The  experiments  of  Sir  William  Fairbairn  on  the  strength  of  tubes 
wrought  a  revolution  iu  boiler  engineering,  and  upset  the  old  Cornish 
rules  that  a  tube  of  half  the  diameter  equalled  the  strength  of  a  shell  of 
the  same  thickness. 

Farther  experiments  of  more  recent  date  showed  the  tubes  to  be  rather 
less  strong  than  did  the  experiments  made  by  Sir  William  Fairbairn,  and 
a  comparison  of  the  pressures  at  which  some  forty  tubes  failed  in  practice 
shows  that  they  only  bore  half  the  pressure  Sir  William  Fairbairn's 
formula  gave.  Fig.  42,  Plate  XXVIIL,  represents  results  of  collapse  of 
tubes. 

It  is  more  easy  to  predict  the  strength  of  a  shell  than  u  tube,  because 
in  the  former  the  strain  is  in  proportion  to  the  thickness  left,  and  it 
tends  to  draw  itself  into  the  best  form  for  resistance;  but  in  the  latter  the 
strength  is  as  the  square  of  the  thickness,  and  being  in  "  unstable  equili- 
brium," it  gets  out  of  the  circle,  and  very  quickly  loses  its  strength,  as 
in  Figs.  43  and  44,  Plate  XXVIIL 
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Every  now  and  then  the  idea  is  gravely  revived  that  the  usual  mode 
of  calculating  the  strength  of  cylinders  is  incorrect,  and  that  the  pressure 
upon  the  semi-circumference  instead  of  the  diameter  should  be  taken. 
Fig.  4a,  Plate  XXVI If.,  which  is  of  course  a  mistake. 

Fig.  4G,  Plate  XXVI 1 1.,  explains  the  reason  why  the  longitudinal 
seams  of  a  cylindrical  boiler  are  more  strained  than  the  circumferential 
ones.  If  a  b  and  c  d  represent  portions  of  the  shell  of  the  boiler  exposed 
to  a  strain  tending  to  pull  the  boiler  asunder  in  the  direction  of  its 
length,  they  will  have  to  support  that  amount  of  the  strain  on  the  area  of 
the  circular  end  of  the  boiler  represented  by  the  triangles  a  e  h-c  e  */,  but 
if  a  b  and  c  d  represent  the  same  lengths  of  shell  exposed  to  a  bursting 
strain,  they  will  have  to  resist  an  amount  of  strain  represented  by  the 
length  of  one  of  them  into  the  diameter  of  the  boiler  on  the  rectangle 
a  b  c  Jt  which  is  exactly  t  wice  the  nrea  of  the  triangles  a  e  b-c  e  </. 

Fig.  41,  Plate  XXV II L,  shows  experiment  of  water  thrown  into  a  red 
hot  boiler  at  Dudley,  in  the  year  1*00,  without  explosion. 

Mr.  Francis  Gabon,  in  his  interesting  papers  on  generic  images(  point* 
out  the  danger  of  dwelling  tou  much  on  the  abnormal,  and  forgetting  the 
far  more  numerous  examples  of  the  normal,  w  hich  do  not  attract  attention, 
and  properly  speaking,  therefore,  the  newspaper  account  of  any  fatal  rail- 
way accident  should  conclude  with  the  statement  thai  so  many  millions 
of  people  during  the  day  reached  their  destination  in  safety. 

Attention  to  so  many  boiler  explosions  should  not  permit  the  fact  to 
be  lost  sight  of  that  vast  numbers  of  boilers  work  iti  safety,  so  that  the 
number  which  fail  are  few  indeed  by  comparison,  but  as  there  is  nowhere 
any  accurate  list  of  the  total  number  and  variety  of  boilers  employed,  all 
statistics  of  boiler  explosions  are  worthless  as  a  means  of  comparison 
either  between  the  number  exploded  and  those  which  have  proved  safe, 
or  between  the  relative  merits  of  the  various  classes, 

A  curious  sameness  in  the  explosions  is  often  observable  like  an 
epidemic  in  diseases.  During  the  past  year  it  lias  been  among  small 
upright  or  crane  boilers,  nc;irly  a  dozen  of  that  class  having  failed. 

The  summary  of  the  lessons  gathered  from  all  that  is  gone  before  is 
that  all  lwilers,  however  good,  may  deteriorate  until  they  burst,  if  due 
care  is  not  taken  to  ascertain  their  condition  from  time  u>  time.  N<"» 
boiler  is  free  from  the  chance  of  explosion,  and  they  have  happened 
among  those  made  by  celebrated  firms,  worked  by  those  <>f  the  highest 
repute  or  under  the  elab  rate  supervision  <•!'  the  public  departments. 

Insurance  has  boon  proposed  as  a  remedy,  but  it  is  only  useful  if  it  is 
made  the  means  of  enforcing  proper  inspection. 


EXPLOSION'S  OF  BOILERS  AND  OTHER  V  ESS  ELK. 


lay 


MYSTERIOUS  THEORIES  OF  BOILER  EXPLOSIONS. 
It  may  be  of  interest  to  allude  to  the  striking  phenomena  which  have 
been  supposed  to  Ije  connected  with  boiler  explosions. 

Boiling  by  sudden  jerks  may  be  first  alluded  to,  where  water  in  a 
perfectly  clean  vessel  cau  be  heated  far  above  the  boiling  poiut,  and  then 
suddenly  started  into  steam  with  ■  jerk,  as  shown  in  Fig.  4T,  A  and  B, 
Plate  XXIX.  No  boiler  is  sufficiently  clean  to  allow  of  this*  Each  little 
roughness  or  rivet  head  acts  as  a  nucleus  to  start  a  stream  of  steam 
bubbles,  which  effectually  prevents  this  storage  of  heat  in  the  water. 
This  must  not  be  confounded  with  the  heating  up  of  the  whole  of  the 
water  in  a  boiler  while  standing  to  tin.'  temperature  of  the  steam,  so 
that  a  great  store  of  heat  is  extracted  from  the  water  in  the  shape  of 
steam  as  the  temperature  falls.  Fig,  4h,  A  and  B,  Plate  XXIX.,  shows 
how  this  can  be  exhibited  in  experiment. 

Fig*  41),  Plate  XXIX.,  shows  the  apparatus  fur  illustrating  the  "sphe- 
roidal condition1'  of  water.  The  "spheroid"  ran  be  made  to  stand  still  over 
the  heated  part  of  the  plate,  but  will  burst  into  steam  on  the  cooler  part. 
It  is  believed  by  some  that  this  may  happen  with  the  overheated  side  of  a 
boiler.  This  must  not  he  confounded  with  the  effect  illustrated  in  Fig. 
50,  Plate  XXIX.,  where  a  stream  of  steam  prevents  contact  of  water. 

Fig.  51,  Plate  XXIX.,  shows  an  easy  way  to  illustrate  the  decomposi- 
tion of  steam.  The  steam  from  the  kettle  passes  over  red  hot  iron  filings, 
which  take  up  the  oxygen,  the  hydrogen  passing  on  to  the  end  of  the 
tube,  where  it  cau  l>e  lighted.  This  most  not  be  confounded  with  cases 
of  gas  in  boilers,  where  the  blow-pipe  has  communicated  with  sewers  of 
a  town  in  streets  saturated  with  leakage  from  gas  pipes,  as  shown  in 
Fig.  52,  Plate  XXIX. 

In  Fig.  53,  Plate  XXIX.,  is  shown  Sir  W,  Armstrong's  hydro-electric 
machine,  that  should  be  well  known  in  Newcastle-upon-Tyne,  the  place  of 
its  invention.  The  globules  of  water  in  the  partially  condensed  steam  cause 
sufficient  friction  against  the  boxwood  jet  to  put  them  into  electrical 
condition,  and,  being  collected  on  the  conductors,  sparks  may  be  extracted 
from  it.  This  led  some  to  suppose  that  scale  can  be  prevented  from 
forming  by  an  electrical  condition,  as  shown  in  Fig.  54,  A  and  B, 
Plate  XXIX,,  but  it  contains  nothing  to  produce  electrical  action. 

At  the  conclusion  of  the  paper  Mr.  Marten  showed  and  explained 
numerous  experiments  illustrating  his  remarks. 
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Mr.  A.  I j.  Steavexson  said,  he  had  ranch  pleasure  in  proposing  a 
vote  of  thanks  to  Mr.  Marten  for  his  very  interesting  paper.  A  gentleman 
in  Mr.  Marten*?  position  had  an  opportunity  of  accumulating  facts  such 
as  no  one  else  had,  and  out  of  that  accumulation  he  had  brought  before 
them  the  salient  points  affecting  explosious  of  boilers  of  every  kind.  The 
experiments  as  to  concussion  led  him  (Mr*  Stcavenson)  to  think  very 
much  of  the  effects  which  were  met  with  after  explosions  in  collieries. 
There  were,  no  doubt,  often  api>earanccs  met  with  after  explosions  in 
collieries  which  they  had  great  difficulty  in  accounting  for;  they  found 
brick  walls  blown  in  one  direction,  and  strong  baulks  of  timber  in 
another  direction;  and  the  effect  of  the  concussion  had,  no  doubt,  much 
to  do  with  these  matters. 

Mr.  G.  C.  Greenwkll  seconded  the  motion,  and  it  was  agreed  to. 

Mr.  Mart  ex  thanked  the  meeting  far  the  vote.  He  said,  several  of 
those  present  were,  no  doubt,  perfectly  familiar  with  many  of  the  experi- 
ments which  he  had  shown  them,  and  yet  had  not  seen  them,  and  that 
was  the  reason  why  he  had  ventured  to  bring  so  many  simple  things 
before  them. 


The  following  paper  by  Professor  W.  Steatwan  Aldih,  M.A.,  44 On 
Internal  Stress  in  Cylindrical  and  Spherical  Dam*,"  was  taken  as  read  : — 
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Fig.  I .  Ma n c h ester,  1843 , S k etch  which  susgesteo  Views  in  Perspective  . 


Fig  2. a,  bf  c.d  t>f.  Sketches  from  Illustrated  Catalogue  for  Exhibition 
at  Brussels  of  Interesting  Fragments. 


Fig.  3.   American  Locomotive  "Neversink" 
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Fig*  4  Seaton  Burn.  1660. 
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Fig.  5  _  Camera 
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ON  INTERNAL  STRESS  IN  CYLINDRICAL  AND  SPHERICAL 

DAMS. 


The  author's  attention  has  been  drawn  by  Professor  Merivale  to  the  ques- 
tion of  the  crushing  stress  between  the  different  parts  of  a  dam  employed  to 
shut  off  water  from  the  working  parts  of  a  mine.  It  appears  that  mining 
engineers  consider  that  the  most  advantageous  method  of  constructing 
such  a  dam  is  to  make  it  in  the  form  of  a  portion  of  a  sphere,  the  axis  of 
symmetry  of  the  portion  being  horizontal*  In  consequence  of  the  greater 
difficulty  of  construction  of  a  spherical  dam  it  is  not  unusual  in  this 
district  to  make  dams  in  the  form  of  a  portion  of  a  circular  cylinder 
whose  axis  is  vertical. 

The  following  investigations  relative  to  the  internal  crushing  stress 
at  different  points  of  such  dams  may  be  of  interest  to  the  members  of  the 
Institute : — 

The  cylindrical  dam  may  be  supposed  to  be  constructed  of  a  great 
number  of  co-axial  cylinders,  one  within  the  other.  If,  through  the 
common  axis  of  these  cylinders,  a  number  of  planes  be  drawn  inclined  to 


each  other  at  very  small  angles,  the  solid  body  of  the  dam  will  be  divided 
into  a  number  of  prism-like  elements  standing  on  bases,  such  as  P  Q  R  S, 
in  the  figure  which  represents  a  horizontal  section  of  the  dam. 
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Fig.  2  is  a  representation  of  this  prisnvlike  element.  The 
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P  A  D  S  is  acted  on  by  the  pressure  of  the  layer  next  outside  pushin 
towards  0,  the  face  B  Q  R  C  by  the  pressure  of  the  layer  inside  push* 
it  outwards.  The  faces  P  Q  B  A  and  RC  D  S  are  acted  on  by  pressures, 
which  from  symmetry  may  be  assumed  to  be  equal,  and  to  act  at  right 
angles  to  their  surfaces*    These  four  pressures  must  be  in  equilibrium. 

Suppose  that  the  element  of  volume  under  consideration  belongs 
to  the  ttth  cylindrical  layer  of  the  dam  reckoning  from  the  inside. 

Let  measure  the  pressure  per  unit  of  area  exercised  by  the  inner 
layer  outward,  pn  + 1  that  exercised  by  the  outer  hiyer  inward,  and  tm  the 


1  Vab 

FIG. 3 

*  j 

Lb 

1  'N 

0 

\>  CD 

stress  per  unit  of  area  on  each  of  the  faces  A  Q  and  D  R.  The  forces  on 
the  four  faces  arc  then  proportional  to 

/«.  AB(  pn ,  arc  B  C,  }\  +  j  ,  arc  A  D,  tn .  C  D. 

Let  E  N  bisect  the  angle  A  E  L>,  and  let  B  C  be  joined.  E  N  is  the 
direction  of  the  action  of  the  stresses  on  B  C  and  AD;  the  portion  of 
the  stresses  on  A  B  and  C  D,  which  acts  outwards,  will,  by  a  proposition 
known  as  the  triangle  of  forces,  be  to  either  of  the  forces  .  A  B  as  B  C 
to  EB. 

B  0 

Hence  .  A  B  .  —  =     +  1 .  AD  -Rfc,  BC; 

the  arc  BC  and  the  chord  being  indistinguishable  when  the  angle  A  E  D 
is  very  small. 

But  B  C  :  A  D     rH  :  r*+*  and  AB  =  rl  +  i-r,. 

Whence  this  equation  gives: — 

U  (r»  + i  —  M  =     + ,  r>+  j  -  }>n  r%    .    .    .  U), 
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In  actual  practice  tn,  as  well  as  pn,  probably  varies  from  layer  to 
layer.  The  problem  of  determining  its  actual  value  at  any  point  is 
therefore  indeterminate,  since  there  is  only  one  equation  to  determine 
two  quantities.  The  avpraye  value  of  in  over  the  whole  dam  can  be 
determined  by  supposing  the  element  considered  to  represent  the  slice  of 
the  whole  dam.  If  r,  r*  be  the  outer  and  inner  radii  of  the  dam,  and  t 
the  average  value  of  /n,  there  must  be  substituted  in  (J)  /  for  fnt  p  fur 
pn  + 0  for  ptii  r  for  r„  +  it  and  r'  for  rn.    The  formula  then  becomes — 

t{r-r')=pr  fS). 

Or  if  r  —  r\  which  is  the  thickness  of  the  dam,  be  called  1: — 
kt  =  pr  (8), 

The  formula  (3)  agrees  with  a  well-known  formula  giving  the  tan- 
gential strew  in  the  case  of  a  very  thin  surface  in  the  form  of  a  right 
circular  cylinder  which  is  exposed  to  the  action  of  fluid  pressure;  the 
stress  being  a  tension  in  the  ease  uf  a  flexible  or  rigid  cylinder  containing 
fluid  within  it,  and  a  resistance  in  the  case  of  u  rigid  cylinder  empty 
within  and  exposed  to  the  pressure  of  fluid  without. 

It  will  thus  be  seen  that  a  similar  formula  holds  for  the  average  tan- 
gential stress  in  the  case  of  a  cylinder  of  sensible  thickness. 

The  formula  (1),  expressed  in  the  language  of  the  differential  calculus, 
gives — 

d(pr) 


dr 


which,  if  either  /  or  p  he  assumed  as  Any  definite  function  off — 
that  ist  if  either  the  normal  or  tangential  stress  be  assumed  to  change  in 
any  definite  manner  from  point  to  point  within  the  dam — the  value  of 
the  other  can  be  determined. 

For  instance,  let  /  be  assumed  to  vary  directly  as  r,  a  supposition 
which  will  give  t  its  greatest  value  at  the  outside,  a  not  improbable 
result.   Assuming  t  =  fir,  then — 
<l{pr) 


dr 


=  m  r  ; 


therefore  p  r  =  h  /*    +  C ; 

and  remembering  that  p  =  0  at  the  inner  surface,  where  r  =s  r', 


Whence 


t  = 


r 

r1  -  r"1 
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If  /  bo  required  not  to  exceed  u  certain  value  T, 


and 


r 


< 


I 


T  * 


Whence  k,  the  thickness  which  =  r  —  r\  must  be  at  least  equal  to 


Turning  now  to  the  case  of  a  spherical  dam.    Let  A  be  the  common 


centre  of  the  external  and  internal  surfaces,  and  let  r,  r  ix?  the  internal 
and  external  radii. 

With  A  jw  vertex,  und  any  line  A  H  us  axis,  imagine  a  right  circular 
cone  described  with  a  very  small  vertical  angle.  This  will  cut  oflT  two 
small  circular  elements  of  area  on  the  internal  und  external  surfaces 
respectively,  whose  areas  will  be  proportional  to  the  squares  of  r,  and  r* 
The  outer  surface  is  pressed  in  by  a  pressure  p  per  unit  of  area,  and  if 
■x  ia  called  the  radius  of  the  small  circle,  the  pressure  on  this  i  lrctilar 
element  will  l>e    •  w  *\ 

The  sort  of  decapitated  su^ar-loaf  element  of  the  dam  which  ha*  been 
isolated  is  pressed  symmetrically  by  the  surrounding  mass,  and  if  /  be  the 
avcrtnjfi  amount  of  the  thrust  jkm*  unit  of  area  on  this  element,  the  whole 
thrust  will  Ik?  /  x  area  of  surface  of  element.  It  may  k-  noticeil  that, 
assuming  the  action  of  the  surrounding  mass  to  he  always  perpendicular 
to  t lie  conical  surface,  ati  ussumpti. in  w hich  tht:  equality  of  action  uud 
reaction  renders  proUible,  1 1 1 •_•  tljrust  at  all  points  will  be  inclined  to  A  B 
at  the  same  anjrle,  namely,  the  half  vertical  angle  of  the  cone. 
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The  portion  of  the  thrust  at  each  point  which  helps  to  resist  the 
external  pressure  will  be  obtained,  in  accordance  with  the  triangle  of 
forces,  by  diminishing  the  thrust  in  the  ratio  of  x  to  r,  anil  the  whole 
resolved  thrust  outwards  is  therefore  equal  to 

t  x  area  of  surface  of  element  x  -±« 

r 

The  area  of  the  surface  of  a  cone  is  one-half"  the  length  of  the  slant 
Bide  multiplied  by  the  circumference  of  the  Uise.  The  area  of  the  surface 
of  the  whole  cone  starting  from  A  is  therefore       x  Ivx  =  ir/r. 

The  radius  of  the  small  circle  in  which  the  cone  cuts  the  inner  surface 

X  T 

is  evidently  to  x  as  r,  is  to  r,  and  therefore  =  ;  the  circumference  of 
this  circle  therefore  equals  2  r  ~\  and  the  surface  of  the  cone  with  A  for 

vertex  and  this  circle  as  base  =  Jr.  x  2  *  XTf  =  — X  r- * 

r  r 

Hence  the  surface  of  the  element  over  which  the  thrust  /  is  exerted  is 


ttxt; 


t  x 


w  XT  —       '  ;  or,  as  it  may  be  written,  —  (r3  —  tj% 

The  resolved  part  of  the  whole  thrust  along  AB  is  therefore 


Hence 

therefore 

or 


t  = 


l  — 


pr* 


(7). 


This  gives  the  average  value  of  the  stress;  but,  as  before  remarked 
in  the  case  of  a  cylindrical  dam,  the  value  at  different  points  may  exceed 
or  fall  short  of  this. 

The  formula  can  be  put  into  another  shape,  connecting  /  with  the 
uuter  radius  and  the  thickness  : — 

Let  k  be  the  thickness :  then 

k  =  r  —  rt. 


But  from  (7) 

therefore 

or 


-a  a  P r* 
r  -  r<  =   t  I 
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Whence,  since  k  =  r  —  r„   

which  gives  I  in  terms  of  r,     and  ft 

It  may  l>e  noticed  that  if  £  be  very  small  compared  with  r  the  formula 
(7)  reduces  to  a  well-known  formula,  giving  the  relation  between  the 
tension  and  fluid  pressure  in  the  case  of  a  thin  spherical  shell 

For  (7)  can  be  written  /  =  7  ^7 — ; — ^  =  .-//^-rri  whence 

kt^-^-r,  which  if    be  very  small  reduces  to  the  formula  in  question , 
_ «  r 

r 

namely  ki  =  ^pr    .    .    .    .  (9). 

The  investigation  may  be  conducted  in  the  following  manner,  analo- 
gous to  that  adopted  in  the  case  of  the  cylindrical  dam: — In  Fig.  4  may 
be  supposed  a  series  of  concentric  spheres,  with  A  as  centre,  to  be  described 
at  equal  small  distances  h  By  this  means  the  conical  wedge  of  the  dam 
lutwixru  B  and  0  is  divided  into  u  number  of  small  elements,  each  of 
which  is  something  in  the  shaj»e  of  a  saucer  of  thickness  it. 

Any  one  of  these  saucer  elements  will  be  acted  on  by  the  thrust  of  the 
layer  next  outside  it  pushing  it  inwards;  by  the  thrust  of  the  layer  next 
inside  pushing  it  outwards;  and,  thirdly,  by  the  thrust  of  the  portion  of 
the  spherical  shell  to  which  it  belongs  surrounding  the  conical  wedge, 
pressing  it  symmetrically  round  its  rim.  These  forces  together  must  lie 
in  equilibrium. 

Let  PQ  RS  be  a  section  of  this  sauccr-likc  clement  by  u  plane 


through  the  axis  of  the  cone :  let  A  P  =  rut  A  S  =  +  h  the  element 
being  supposed  to  belong  to  the  ;*th  shell  counting  from  within. 

Let  /„  be  the  average  normal  stress  along  the  rim  of  the  element, 
pn  and  pn  4  i  the  pressures  on  its  inner  and  outer  spherical  surfacva 
respectively,  all  estimated  per  unit  of  area. 
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Then  if  K  l>c  the  area  of  the  inner  spherical  surface,  that  of  the  outer 
will  by  the  properties  of  similar  figures  bi  to  K  as  r\  +  x  is  to  r/— that 

*   .  .  ra 

is,  it  is  K  Hence  the  whole  pressure  on  the  outer  surface  is 

J'*  + 1  K  acting  towards  A,  and  the  whole  pressure  on  the  inner  sur- 
face is  />„  K  acting  outwards  from  A. 

If  P  N  and  S  H  be  drawn  perpendicular  to  the  axis  of  the  cone,  the 
area  of  the  surface  over  which  tn  is  exerted  is  w  •  A  S  *  S II  —    A  I*  N  I1. 

But  S  H  is  to  P  N  as  A  S  to  A  P— that  is,  as  r„ ,  ,  to  r„ . 

Hence  the  surface  over  which  tM  is  exerted 

-.r„+1.r";-1.PN-,r)1.PX 

=  *<&+l~f?)  (  p  to 

Hence,  as  in  the  former  method,  the  part  of  the  whole  value  of  t„ 
exerted  on  this  rim,  resolved  parallel  to  A  II 

therefore  |W«i  K»         -  A  K  =  /„  ■  ^  + 1  ~  r»" 

But  K  ultimately  =  *  -  P  N'-\    Hence  is  obtained — 
P*  +  i      +  i      „  _  t       +  i  -  rn2) 

or      +  ffc  fi£  =  6  Cft  4 1  —  r«2J  =  '«  (r»  +  i  +  r«)  *  •  (10). 

if  A  Ik?  the  thickness* 

The  formula  (10)  shows  the  indeterrainatcness  of  the  problem.  If 
any  law  be  assumed  by  which  tn  changes  with  r„,  it  will  be  possible,  by 
taking  equations  similar  to  (10)  for  all  the  strata,  to  discover  the  value  of 
t  at  any  point.  The  equation  (10)  is  in  fact  the  only  equation  which 
connects  two  unknown  quantities,  the  tangential  stress  and  the  radial 
stress  in  any  stratum.  This  result  is  only  what  ought  to  be  expected, 
since  no  materials  of  which  the  dam  can  be  made  will  support  stresses  of 
the  magnitude  supposed  without  undergoing  some  change  of  form  or 
volume,  and  the  real  value  of  the  stress  at  any  point  will  depend  on  the 
actual  change  of  form  of  the  element  surrounding  the  point  considered. 
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The  equation  (10)  will,  however,  give  the  same  average  value  of  /«  as 
Unit  given  in  (7),  This  average  value  will  lie  discovered  by  multiplying 
U  by  the  aiva  of  the  saucer  edge  over  which  it  is  exerted,  adding  all  such 
product*,  and  dividing  the  sum  by  the  ran  of  the  areas  of  the  rings. 

It  has  been  seen  that  the  area  of  the  surface  of  the  saucer  edge  over 

PN 

which  tn  may  be  supposed  to  act  is  represented  by  n  (r7H  4  j  —  rnJ)  •  — —  • 

P  N 

It  is  also  obvious  that  is  the  same  Cor  all  t !ie  strata,  since  P  N 

increases  in  exactly  the  same  ratio  na  rn.  Hence  the  area  in  question 
may  be  represented  as  r  (#•„  +  1  —  rnr)> 

Thus  the  average  value  of  /„  is  represented  by  the  fraction, 

fW-r,V    *W-rt*)+    .    ,    .    +  e(r*-r*) 
if  h  be  the  total  number  of  layers. 

But  by  means  of  eqimtion  (Hi),  and  omitting  »hi«  factor  r,  which  m 
Minun  to  the  numerator  and  denmninator,  this  reduces  to 

(ft     - ft  r  *)  +  (ft  *V*  -  y;, ra»)  +  .  .  +  ( +  jr*-;?,  rma) 
-  fi1  ******         +  .  .  +        r'-r.'  ' 

or  since     +  i  =  p  and  p}  =  0,  to  3i  which  is  the  value  of  t  given 

in  (7). 

The  equation  (10)  can  be  written  in  the  language  of  the  differential 
calculus: — 

d{pt*)       =  td(f*) 

m       2trdr   ,    (    .  (II). 

Hence  if  /  be  assumed  as  any  function  of  r,  the  integration  and  the 
complete  solution  of  the  problem  are  possible. 

Two  cases  may  be  considered. 

First,  let  /  be  assumed  to  1*  the  same  throughout.  There  Ik  then 
obtained  by  integration, 

y>r*    =    rJ/  +  C; 
When  r    =    rx,  p  =  0 ; 

therefore  0    =    f/l  +  0| 

or  C    =  -r,V. 

Hence  /'   =  ~t — 0T  *  =  ^rz^k' 

And  if  r  I*  the  external  radium  is  the  external  pressure,  and  the  formula 
(7)  previouHly  obtained  is  related. 
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Secondly,  let  /  increase  as  any  i>ower  of  r,  Ray  r\  so  that  t  =  jir* 
where  /*  is  some  constant. 


Hence  d(P^)    =  2^r,+1 


*^  m  r41  + 1 

therefore  ;>r*      =    —  —  +  C. 

When                r    =    ru      p    =  0; 
therefore  0    =    -f  C; 

and  ;>rJ    =    JS&^+f «« tp+f)    .    (  (12). 

Hence  the  trre4itest  value  of  /,  which  =  /*  rn ,  r  being-  the  external  radius, 

The  materials  must  therefore  be  such  as  to  resist  a  stress  of  this 
magnitude  without  sensibly  yielding. 

A  priori  reasons  of  some  force  might  be  suggested  in  favour  of  the 
assumption  that  /  varies  as  r. 

In  this  case  the  greatest  value  of  /  per  unit  of  area 

 iP 


■-en  • 

From  (14)  mav  be  deduced 

•'-ay -if 


04). 


therefore 


(£)■--» 


r    s  p 


Whonoe  k  =  r  -  t  =  r   I   1  -  *J  1  -  |^  }     .    .  (15), 

which  gives  &  in  terms  of  r,  p,  and  /. 
A  similar  deduction  from  (13)  gives 


It  may  be  added  that  the  equations  (4)  and  (11)  arc  substantially 
the  same  as  equations  (1)  of  Article  273  and  (1)  of  Article  275  in 
Rankine's  *•  Applied  Mathematics/'  From  these  equations  Rankine 
appears  to  deduce  more  definite  results  than  have  been  derived  from  them 
iu  this  paper. 
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Equation  (4 J  of  this  paper  may  be  altered  by  the  assumptions 


into  the  form 


V 
t 

d\(x  +  y)r) 


dr 


which  may  written 

dirt)  (i(jfr) 
dr    r  tf 


=  /  +  !/ 

m  .r  — 

=  *  —  If, 

m  ft  —  //. 


Rankine  really  assttm/s,  although  the  fact  Is  auinovvhnt  dh^uised,  that 
t/tf  <-ot)tjtMfi  solution  of  this  equation  is  to  l>e  obtained  by  separating  the 
two  parts,  and  solving  «eparately  (.In-  two  equations 

dr      ~  * 


rfr 


which  give,  ]>y  processes  imsy  to  LIkjsc  acijiuiiiteil  wild  the  integral 
calculus,  the  results 

x       =  it 
h 

V     =  ? 

where  a  and  b  arc  constants. 

Hence  undoubtedly  onr  solution  of  the  single  equation  (4 J  is  given  by 

b 

v  =  x  +  y  =  «  +  ^3 


t    =    x  —  y    =    a  — 


when?  and  can  be  determined  by  tin'  known  values  of  /'  at  the  inner 
aud  outer  sutfuee. 

With  nil  deference,  however,  to  the  great  authority  of  Rankine,  the 
assumption  referred  to  docs  not  seem  to  have  any  warrant  from  a  mathe- 
matical point  of  view,  and  the  solution  jjiven  by  him  must  stand  or  fall 
according  to  ita  agreement,  or  the  reverse*  with  observed  facts, 

A  similar  remark  applies  to  Kaukinc's  solution  of  equation  fi)  of 
Article  17o  in  "Applied  Mechanic*." 

It  may  he  mentioned  that  the  tvsnlu  <>f  this  paper  relating  to  cylin- 
drical dams  may  be  uIho  applied  0>  ihe  mu^tion  of  the  strength  uf 
tubbing  in  any  ease  where  the  external  pressure  un  the  tubbing  may  be 
assumed  to  be  nnifonn  at  all  joints  in  a  horizontal  level,  and  to 
directed  symmetrically  toward*  the  centre  of  the  shaft* 


1STKUNAL  STRKSS  IN  CYUXDHICAL  AND  KPH ERICA  L  1>AMK 


An  able  paper  on  this  lutter  question,  by  the  lute  Mr.  J.  J,  Atkinson, 
is  to  be  And  in  Vol*  IX.  *»f  the  Transactions  of  the  Institute.  Mr, 
Atkinson t  however,  urvcpts  Professor  Rankine's  deduction  of  two  equa- 
i  ions  out  of  one,  which,  as  just  explained,  the  author  does  not  feel  it  neee*- 
sary  to  do. 

The  formula  (3)  and  (o*)  give  the  thickness  necessary  for  ;i  cylin- 
drical darn  exposed  to  a  given  pressure  of  water  ;\  f  nnd  T  being  the 
average  crushing  stress,  nnd  the  greatest  crushing  stress  on  a  certain 
hypothesis,  respectively  in  a  tangential  direction.  If  ri\  he  the  greatest 
stress  which  the  materials  are  capable  of  supporting  without  collapsing,  / 
and  T  must  not  exceed  a  certain  IVae.tinii  <>f  TM  as,  for  instance  ^  of  T,. 
iTwisdcn's  "  Practical  Mechanics/'  Art.  D.) 

Thus  in  a  cylindrical  dam  the  minimum  thickness  £,  consistent  with 
*afet.y,  on  the  supposition  that  the  tnwtr/p  stress  alone  need  he  considered, 
will  1)e  given  by 

10/"" 

*    =      f   (17), 

If  the  supposition  he  adopterl  that  the  tangential  stress  increases 
uniformly  from  the  inside  outwards,  k  will  be  given  by  the  formula — 


- '  { '-J'-*?i 


us). 


On  xiinilar  ^iipposHioDI  (In.'  minimum  tbidtBM  of  a  sjihvricnl  dun  of 
t lie  same  inattriuls  i\m  !*■  tWiicei!  iVum  thu  formula!  i.S)  mid  (l.ri), 
iiiid  will  1»  respectively: — 


mil 


t  m 


I  = 


1 


~  J  1  "  T,  J 


i  -  i  i 


J 

ifi/O 


(SO). 


Professor  Merivale  has  given  the  writer  the  details  of  a  spherical  darn 
at  Creusot.  The  head  of  water  outside  is  iM.r>  metres.  The  pressure 
consequently  per  square  eendniclre  is  the  weight  of  iM'o  cubic  metres  of 
water — that  is,  the  measure  of  />  in  kilogrammes  pel ■  square  centimetre 
is21T». 

The  material  of  the  dam  is  pit<-h  pine,  the  ultimate  strength  of  which 
id  457  kilogrammes  per  square  centimetre.  The  measure  of  T,  is  there- 
fore 457  in  the  same  units  as  )h  Hence 

p  21  ft 

t,  m 

vol.  KJ»m  mm  I  R 
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The  value  of  r  in  the  case  of  the  dam  in  question  is  5*04  metres. 
Hence  from  (ID),  if  the  stress  be  considered  uniform  throughout  tlnr 
dam,  the  thickness  ought  to  be 

-j— 


=  5'0i 


=  504 


l1 1 5 
4Ti7 


{ 

i'-JM?} 


242 
457 


is  easily  (band  to  bt 


By  a  table  of  logarithms  the  value 

nearly  '1217, 

Hence  the  thickness  required  on  this  supposition 

=    5*04  x  '2723    =    1-372  metres. 

On  the  second  supposition  the  thickness  required  is  by  (2U) — 


=  504 


=  5*04 


=  5*04 


{ 


1  —  | 


=    5  04  x  -33183 
=    1*087  metres. 

The  inner  radius  ought  therefore  to  be 

5  04  -  l-f,«7    =    :V3.rjii  metres, 
the  value  actually  employed  being  334  metres, 

T1k-  construction  of  this  particular  dam  appears  therefore  to  1*?  in 
n:  onhmi  "  with  formula  (20). 

A  cylindrical  dam  in  the  same  place,  if  the  stress  be  supposed  uniform, 
would  by  formula  (17)  require  I  thickness 

ns 


5*04  X 


457 


=    2 '871  metres; 


while,  if  the  stress  be  supposed  to  vary  uniformly  from  within  outwu 
the  thickness  must  be  by  formula  (18) — 


=  504 


=  504 


=  MM 


I 


"g  457) 

-Jl) 

} 


1  —  -24306 


504  x  15G94 
£*814  metres. 
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Hence,  on  the  supposition  of  uniform  distribution  of  the  stress*  the 
thicknesses  of  a  spherical  and  cylindrical  dam  should  respectively  be 
I '372  and  2\371  metres;  while,  on  the  supposition  of  stress  uniformly 
increasing  outwards,  the  thicknesses  should  be  r(187  and  3*814  metres. 

A  cylindrical  dam  requires  therefore  on  either  supposition  a  much 
greater  thickness  for  safety  than  a  spherical  dam. 

The  form  of  dam  must  frequently  adopted  in  this  district  is,  on  the 
information  of  Mr.  J.  B.  Simpson,  a  simple  rectilinear  harrier*  If  plenty 
of  material  be  employed,  this  form  of  dam  will  doubtless  resist  the  direct 
pressure  of  the  water.  Mr.  Simpson  says  that  leakage  round  the  edges  is 
the  usual  w;iv  in  which  such  dams  Income  ineffective.  Without  venturing 
on  an  opinion  as  to  the  relative  merits  of  different  forms,  a  question  into 
which  expense,  difficulty  of  construction,  and  many  other  considerations 
enter,  the  writer  may  point  out  that  spherical  and  cylindrical  dams  will 
tend  to  prevent  this  leakage  much  more  satisfactorily  than  a  simple 
straight-aeross  barrier.  Increased  pressure  of  water  will  tend  to  tear 
the  latter  away  from  its  bearings  by  bending  the  solid  body  of  the  dam 
inwards,  while,  in  the  same  case,  cylindrical  or  spherical  dams  will  be 
forced  more  tightly  against  the  solid  walls  from  which  they  spring. 


Mr.  ftt  C.  Greenwell  proposed  a  vote  of  thanks  to  Professor  Aldis 
for  his  carefully  prepared  paper,  in  which  were  a  great  many  calculations 
which  would  have  to  be  Btudied  before  any  discussion  could  take  place. 

Mr.  E,  P.  Boyd  seconded  the  vote  of  thanks,  lie  said  there  were 
very  few  who  would  take  the  trouble  Professor  Aldis  had  done  in  making 
the  mathematical  calculations  which  were  found  elaborated  in  the  paper; 
and  they  ought  to  feel  more  especially  indebted  to  hiui  as  he  was  not 
immediately  connected  with  the  coal  trade. 

The  vote  was  carried  by  acclamation- 


Mr,  Green  well's  piper  on  "The  Duration  of  the  Coal  of  Great 
Britain  and  Ireland"  was  then  announced  to  bo  open  for  discussion, 

When  Mr.  G.  C.  Gree.vwell  said,  the  paper  was  based  upon  statis- 
tical facts,  and  ho  did  not  know  that  a  very  great  amount  of  discussion 
would  alter  those  facts.  The  questions  that  were;  raised  were  more  for 
private  thought  and  Btudy  than  for  public  discussion,  and  he  would  be 
quite  content  to  leiivc  the  paper  in  the  hands  of  the  members  for  their 
careful  consideration. 

The  meeting  then  concluded. 


PROCEEDINGS. 


GENERAL  MEETING,  SATURDAY,  JUNE  9th,  1&83,  IN  THE  WOOD 
MEMORIAL  HALL.  NEWCASTLE-UPON-TYNE, 


GEORGE  BAKER  FORSTER,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  lost  meeting,  and  reported 
the  proceedings  of  the  Council. 

A  list  of  persons  nominated  as  officers  for  the  year  1883-84,  was 
submitted  by  the  Council  in  accordance  with  Bye-law  19. 

The  following  gentlemen  were  electedt  having  been  previously 
nominated: — 

Associates— 

Mr.  William  Hill,  Colliery  Agent,  Cartertborne  Colliery  Office*,  Wifctoa* 
le-Wear. 

Mr.  John  R.  Wilson,  Swatthe,  near  Barnsley. 
Mr.  W,  J.  Phillip^  An&ley  Hull  Colliery,  At  hers  tone, 

Stitdentb — 

Mr.  Ralph  Richardson,  Field  House,  West  ftainton,  Fence  Houses 
Mr.  ARTHUR  D.  Milton,  Sherbnru  House,  Durham. 
Mr.  Robert  R.  Li  bum  an,  33,  Clay  path,  Durham. 
Mr.  R.  S.  Andehson,  Elswiek  Colliery,  Now  castle-on -Tyne. 
Mr.  J.  T.  PEASE,  Loftua  Mines,  Cleveland. 

The  following  were  nominated  for  election  at  the  next  meeting: — 

ORDINARY  MEMBERS  — 

Mr.  Charles  Edward  Rhodes.  Mining  Engineer,  Cuvr  Houses,  Rothcrham. 
Mr.  Abtkl  k  S a<  k  vjllk  EorcHEH,  La  Saluda  Puerto  Berlio,  E  de  Antioquin, 

U,S.  of  Columbia,  South  America, 
Mr.  C.  0.  LEAcn,  Bedhngton  Collieries  Northumberland. 

Sitr  dents— 

Mr.  Fiiane  Robe  it  t  Smr-soN,  Hetlgefield,  BUydmi-on-Tyne, 
Mr.  Edward  H  badly  Hutt,  Uswortb  Colliery,  ttfa  Washington  Station, 
K.S.O.,  County  Durham. 
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There  being  no  papers  to  read,  the  President  Raid,  the  paper  by 
Mr.  E.  F.  Melly  "On  the  Anthracite  Coal  of  South  Wales"  was  open 
for  discussion.  Mr.  Molly,  he  was  sorry  to  say,  could  not  at  lend,  but  if 
anyone  wished  for  further  information  on  the  subject  Mr.  Melly  would 
he  glad  to  give  it* 


No  remarks  being  offered,  the  President  said,  the  next  paper  to  be 
discussed  was  that  by  Mr.  E.  B,  Marten  "On  Explosions  of  Boilers  and 
other  Vessels/*  lie  was  glad  to  see  Mr.  Marten  present,  and  he  asked 
if  he  wished  to  say  anything  to  supplement  bis  paper. 

Mr.  E.  B.  Marten  said,  that  there  had  l>een  very  few  experiments  on 
the  strength  of  l*iilersf  and  Mr.  Longridge  informed  him  that  those  which 
he  had  made  were  not  published*  bat  in  a  letter  he  remarks  that  Sir 
William  Fairbairn's  experiments,  alluded  to  in  Figure  42,  Plate  XXVIII., 
were  made  on  tin  vessels  of  a  small  diameter,  and  were  hardly  to  be  taken 
as  very  trustworthy,  excepting  as  to  one  thing,  not  known  before,  that 
the  strength  of  the  flue  tul>e  was  inversely  dependent  upon  its  length, 
Mr.  Fletcher  had,  in  answer  to  a  request,  called  his  (Mr.  Marten's)  atten- 
tion to  experiments  made  on  a  teat  vessel  constructed  after  the  explosion 
of  the  "  Thunderer,"  at  Portsmouth,  the  outcome  of  which  was  that 
screwed  stays  in  a  plate  have  not  their  full  strength  if  the  plate  altered  its 
shape,  for  when  the  plate  liegan  to  bulge,  the  rounded  side  let  go  its  hold* 
There  were  some  experiments  not  yet  complete,  as  to  the  comparison  of 
ordinary  flue  tubes  and  the  strength  of  corrugated  flues.  These  results 
were  not  iu  his  possession,  but  if  the  Institute  used  their  influence,  they 
might  be  obtained  as  recording  experimental  research.  In  his  paper  he 
alluded  to  the  electrical  apparatus  of  Sir  William  Armstrong,  and  he  now 
added  that  Sir  F,  Abel,  in  his  lecture  before  the  Institution  of  Civil  En- 
gineers m  On  the  Application  of  Electricity  to  Explosive  Purposes,"  stated 
that  this  same  mode  of  generating  electricity  was  most  effectual;  it 
had  been  used  for  expiring,  torpedoing,  and  mining,  and  at  sea  was 
unaffected  by  the  damp  atmosphere  when  used  in  an  oj>cu  lioat. 

Mr.  J.  A.  0.  Robs  said  that  he  had  gone  into  calculation!  as 
the  spheroidal  condition  of  water,  aud  had  found  that  if  the  tern 
ture  of  the  plates  was  raised  very  much  al>ove  212  degrees,  water,  drop 
on  them  in  an  ordinary  gentle  way,  did  not  touch  them;  but  that  if 
water  were  dashed  on,  the  result  was  that,  in  a  second  or  two,  it  waa 
flashed  into  steam,  aud  he  felt  suit?  that  was  a  cause  which  might 
account  for  a  great  number  of  explosions.  Take  a  Cornish  boiler,  for 
instance;  if  water  fell  below  the  Hue,  and  a  portion  of  the  plate  ubuut  50 
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feet  long  by  20  or  25  inches  broad  by  £  inch  thick  was  rendered  red  hot, 
he  had  made  a  calculation  showing-  that  10  lbs,  of  water  at  212  degrees, 
dashed  upon  this  would  l»e  flashed  into  steam,  which  would  lie  quite  suffi- 
cient to  raise  the  pressure  in  an  ordinary  Cornish  Ixiiler,  5  fect  diameter 
by  25  feet  long,  from  30  lira,  to  about  70  llw*.  Mr.  Marten  called  intention 
to  mysterious  cases  of  explosions;  but  to  his  mind  most  of  these  explo- 
sions could  be  traced  to  want  of  a  sufficient  margin  of  strength,  caused 
either  by  age  or  an  increase  of  the  original  pressure  the  boiler  was  con- 
structed to  withstand;  whereas  the  factor  of  safety  ought  to  be  increased 
according  to  the  age  of  the  boiler.  With  respect  to  the  hydro-electric 
machine,  he  said  that  the  electricity  shown  by  Mr.  Mart-en  was  the  frictional 
electricity  developed  by  steam  rushing  out  of  a  Ixuler.  That  was  not  the 
sort  of  electricity  they  had  to  fear.  If  they  had  two  iron  plates  in  two 
electrical  conditions  there  must  l>e  a  deterioration  in  one  of  the  plates, 
even  in  the  same  plate  a  current  of  electricty  might  be  set  up.  Tbat 
electricity  gradually  reduced  the  plate  in  thickness,  and  ultimately  rupture 
took  place  if  the  deterioration  was  not  stop])ed  in  time.  He  thought  Mr. 
Marten,  with  the  very  great  experience  he  hud  had  in  the  construction  and 
inspection  of  boilers,  might  have  given  the  Institute  more  information 
with  respect  to  the  methods  which  should  be  adopted  to  prevent  boiler 
explosions.  Mr.  Marten  in  his  paper  only  gave  two  lines  as  to  the  cure; 
he  said,  "insurance  has  been  proposed  as  a  remedy,  but  it  is  only  useful 
if  it  made  the  means  of  enforcing  proper  inspection."  Many  methods 
had  been  proposed,  and  recently  a  bill  had  been  brought  before  Parlia- 
ment to  ensure  some  amount  of  safety  in  boilers,  by  compelling  users 
to  employ  suitable  men,  and  enforcing  some  kind  of  examination. 
That  bill  had  been  thrown  out,  be  understood  to  a  large  extent  by  the 
influence  of  boiler  makers,  who  were  afraid,  if  such  conditions  were 
imposed  upon  boiler  minding,  that  it  would  lead  people  to  use  gas 
engines.  That  was  a  mistake  The  safer  they  made  boilers,  the  surer 
would  l»c  the  foundation  on  which  boiler  using  would  l)e  carried.  No 
notice  had  l)cen  taken  in  the  paper  of  what  were  called  Fox's  corrugated 
tubes,  which  were  receiving  considerable  attention  from  the  Admiralty. 
At  the  Leeds  Forge  Company's  works,  tubes  of  a  certain  diameter  were 
put  under  pressure,  and  an  ordinary  flue  gave  way  at  200  lbs.  pressure 
per  square  inch,  while  a  corrugated  flue  did  not  yield  till  pressed  to 
1,000  lbs.  pat  square  inch.  If  that  w;>s  correct  he  thought  no  tubular 
boihff  should  go  with  a  plain  fine.  Mr.  Marten  did  not  tell  the  Institute 
what  he  suggested  as  to  insertion,  whether  it  should  Ihj  government 
inspection,  or  ins| action  by  eomjKinies,  or  scientific  inspection  by  experts. 
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If  he  were  to  do  so,  his  long  connection  with  one  of  the  oldest  Boiler  la* 
spcction  and  Insurance  Companies,  namely,  the  Midland,  would  render 
his  opinion  of  considerable  value  to  the  members. 

Mr.  Lawrence  said,  he  thought  Mr.  Ross  had  somewhat  mistaken 
Mr.  Marten's  paper,  which  was  to  bring  before  the  members  a  series  of 
very  interesting  experiments,  and  not  to  show  how  explosions  could  be 
prevented.  Mr.  Ross  said  that  a  gallon  of  water  dashed  upon  a  hot 
plate  would  account  for  some  of  the  boiler  explosions.  He  (Mr.  Lawrence), 
however,  thought  the  boiler  must  have  a  poor  safety-valve  to  allow 
a  gallon  of  water  coming  upon  a  hot  plate  in  the  usual  way  of 
feeding  the  boiler  to  explode  it.  In  his  opinion,  the  grand  cause  of  all 
boiler  explosions  was  that  the  boilers  were  too  weak.  Very  much  also 
depended  upon  external  examination,  which,  he  was  sorry  to  say,  could 
not  be  sufficiently  made  in  plain  cylindrical  boilers.  Splits  in  the  plates, 
starting  from  the  rivet  holes,  were  very  serious  defects,  and  no  boiler  could 
be  said  to  be  properly  inspected  unless  the  scams  arc  all  carefully  examined 
and  the  splits  recorded,  so  that  the  boiler  may  be  repaired  before  the  seam 
becomes  too  much  weakened.  If  the  boilers  were  examined  on  the  outside, 
what  was  going  on  in  the  scams  could  be  more  easily  detected.  Again, 
with  regard  to  stopping  these  cracks  by  so-called  stop  rivets,  he  would  like 
to  ask  Mr.  Marten  if  he  considered  this  a  satisfactory  method  of  repairing 
them  ?  He  had  seen  three  or  four  of  these  rivets  put  iu  one  plate,  and  the 
boiler  put  to  work  again,  and  lie  thought  this  cuuld  not  Ik;  considered  a 
complete  or  satisfactory  repair.  With  respect  to  the  Risca  air-rcociver, 
figure  7,  Plate  XXV.,  which  was  intended  to  stand  400  U»s.  pressure 
of  compressed  air,  and  gave  away  at  a  pressure  of  about  3110  lbs.,  it 
struck  him  that  the  cast- iron  man-hole  was  the  cause  of  the  explosion. 
It  was  perhaps  strong  enough  to  have  stood  the  pressure  under  a  low 
temperature,  but  the  temperature  of  the  receiver  was  ;J50  degrees;  and  he 
thought  the  cause  of  the  explosion  was  that  the  heat  had  caused  the  cast- 
iron  to  expand  and  split,  when  of  course  it  ceased  to  strengthen  the  hole. 

Mr.  John  Daglish  remarked,  thnt  his  experience  of  Fox's  tubes  did 
not  dispose  him  to  go  so  far  in  their  praise  as  Mr,  Uosm.  He  Mievi*J 
their  tmirmtactnrc  hud  greatly  i  m  pro  veil  of  late,  but  certainly  at  one  time 
they  did  not  #ive  very  favourable  result*.  Whether  it  was  in  the  making 
of  the  corni<MLi>us  that  the  iron  it-u-1  T  was  deierioruied,  ur  whether  it  w* 
that  the  sediments  got  into  the  corrugations  he  did  not  know;  but 
certainly  then'  hud  been  several  rases  where  I  hey  had  tailed  very  rapidly 
iu  ordinary  wear  and  tear.  There  was  no  doubt  as  to  their  strength, 
provided  they  did  not  wear  so  fast. 
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Mr.  Ross  concurred  in  what  Mr.  Daglish  had  said.  Corrugating 
the  flues  put  a  tremendous  strain  upon  the  iron,  such  as  very  few 
brands  of  iron  would  stand.  Whatever  laminations  there  were  showed 
themselves;  but  this  had  been  quite  overcome  by  the  use  of  homogenous 
or  steel  plates.  With  an  iron  plate  the  corrugation  caused  very  great 
strain  upon  the  welds  of  the  bloom,  and  if  there  was  the  slightest 
lamination  in  the  plate,  the  heat  playing  through  the  flues  developed  a 
blush,  and  this  blush  resulted  in  the  deterioration  Mr.  Daglish  referred 
to.  If  a  collapse  did  take  place  the  corrugations  allowed  the  plate  to 
come  down  without  taring,  but  if  a  plain  flue  came  down  it  must  yield, 

Mr.  Marten  said,  the  points  raised  in  the  discussion  were  interesting 
and  important.  The  subject  was  bo  exceedingly  wide  that  one  could 
extend  one's  remarks  almost  in  any  direction*  He  wished  he  could 
place  before  them  the  little  window  in  a  boiler  through  which  he,  from 
day  to  day,  had  studied  how  the  tubes  Ijchnved  when  the  water  was  high 
or  low,  or  when  they  wore  unduly  heated.  Mr.  Ross  had  alluded  to  the 
spheroidal  condition  of  water.  He  (Mr.  Marten)  brought  this  experiment 
before  the  Institute  because  it  was  one  which  was,  to  a  certain  extent, 
connected  with  boilers,  and  because  boilers  were  always  getting  over- 
heated, more  or  less,  if  they  did  not  get  red  hot.  Mr.  Ross  was  quite 
right.  If  he  had  a  plate  of  the  size  mentioned,  and  it  was  red  hot,  it 
might  produce  the  amount  of  steam  stated  if  all  the  heat  could  be 
imparted  to  the  water  at  once  \  but  in  the  ordinary  way  <if  feeding  a 
boiler  the  water  would  creep  up  the  side  and  gradually  cool  it,  and  it  was 
seldom  the  whole  of  the  heat  could  be  taken  out  quickly  enough  to  pro- 
duce much  sudden  increase  of  steam.  In  the  ordinary  practice  the  water 
did  not  dash  over  the  hot  plates,  but  gradually  rose  against  them,  and  the 
heat  was  carried  off  quietly,  and  danger  would  only  arise  from  a  sudden 
covering  of  the  plate.  The  usual  factor  of  safety  used  to  be  fl,  it  had  now 
come  down  to  5,  and  even  to  3  if  everything  was  in  good  order.  It  was 
necessary  not  only  to  see  that  all  things  were  good,  but  that  the  plates 
were,  he  might  say,  comfortable,  that  is  really  in  repose  without  undue 
strain.  He  knew  a  boiler  seven  feet  diameter,  nearly  hall "an  inch  thick, 
not  in  the  least  worn,  which  burst  at  only  50  lbs.  pressure,  whilst  a  boiler 
taken  out  of  the  same  seating,  eleven  feet  in  diameter,  worked  for  many 
years  at  7n  lbs.  pressure,  although  in  many  places  it  was  as  thin  as  a  six- 
jK'uce.  The  original  one,  however,  was  made  of  exceedingly  tough  plates, 
just  adapted  for  the  work  they  had  to  do;  and  the  new  boiler  was  made  of 
plates  of  a  very  hard  quality  of  iron,  which  could  not  bear  the  serious  st  rain 
of  expansion  from  the  great  ^eat  on  the  one  side,  and  the  comparative 
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coolness  of  the  water  on  the  other;  these  plates  had  more  of  the  nature  of 
glass,  and  that  was  the  reason  they  would  not  bear  the  work  like  those  of 
the  old  boiler.  The  electric  machine  which  he  had  exhibited  lo  the 
members  was  to  show  that  the  electricity  of  steam  had  nothing  to  do  with 
evaporation.  Sir  William  Armstrong  thought  at  first  that  the  mere  act  of 
evaporation  produced  electricity;  but  that  had  not  been  proved.  It  was 
merely  the  friction  of  the  globules  of  water  against  the  wooden  orifice. 
Mr,  Ross  was  perhaps  right  as  to  electricity  or  galvanism  increasing 
corrosion.  The  Dill  brought  before  Parliament  (he  was  not  aware  it 
had  been  thrown  out)  was  not  drawn  in  the  interests  of  the  boiler 
makers,  but  bad  been  entirely  framed  from  the  wurkmeifs  f»oint  of  view. 
Parliament  had  passed  an  Act  under  which  every  explosion  was  to  be  in- 
vestigated, and  it  was  thought  that  lime  should  be  given  to  see  the  result 
before  anything  further  was  dune*  Already  21)  explosions  of  boilers  had 
been  investigated,  and  the  reports  were  published  at  a  small  cost,  and  were 
easily  attainable;  and  in  the  course  of  a  year  or  two  they  would  record  a 
mass  of  information  which  would  justify  perhaps  further  legislation.  He 
did  not  think  any  Parliamentary  action,  or  any  action  on  the  part  of 
boRor  makers,  would  prevent  Gas  Engines  being  used  in  large  towns  where 
the  inconvenience  attendant  on  the  use  of  steam  was  great;  but  he  had 
not  complete  information  as  to  how  many  Gas  Engines  had  supplanted 
steam  engines  in  towns.  With  regard  to  Fox's  tidies  he  once  had  feared 
that  the  elasticity  caused  by  the  corrugation  would  have  prevented  the 
tubes  acting  as  stays  between  the  ends  of  the  boiler;  but  subsequent 
experiments  had  proved  to  him  that  the  pressure  on  the  more  verti 
parts  of  the  corrugation  had  a  tendency  to  draw  the  tube  together 
increase  its  staying  power.  With  regard  to  inspection,  his  impress' 
wub  that  its  value  consisted  in  its  being  the  means  of  obtaining  true  and 
thorough  information  of  the  state  of  the  boiler  and  of  the  nature  of  the 
deterioration  it  was  subjected  to.  With  respect  to  the  Rinca  explosion  the 
only  way  to  arrive  at  any  conjecture  as  to  its  origin  was  to  join  all  the 
pieces  together  again,  and  to  sec  where  the  first  rent  took  place.  That 
had  been  done,  and  it  was  certain  that  the  rent  commenced  at  the  man-hoh 
It  was  not  that  cast-iron  was  used,  but  that  there  was  not  so  much 
iron  in  the  section  of  the  man-hole  piece  as  to  he  equivalent  to  the  amount 
of  wrought  iron  which  had  been  cut  out  of  the  shell.  The  ring  would 
have  been  better  if  made  uf  the  same  material  as  the  shell;  hut  it  would 
have  blin  better  still  if  the  man-hole  had  U  ni  put  jit  I  he  end.  Stop 
n  vet*  were  often  used;  they  were  better  than  nothing,  us  I  hey  stopped  the 
rent;  but  all  repairs  that  did  not  restore  the  strength  of  the  boiler  should 
be  looked  upon  with  great  caution. 
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The  President  moved  ft  vote  of  thanks  to  Mr.  Marten  for  his  kind- 
ness in  attending  the  meeting.  He  was  glad  to  Bee  that  the  general  tone 
nf  opinion  seemed  to  be  that  the  main  points  to  make  a  boiler  safe  were 
to  get  a  good  boiler,  and  to  watch  it  well.  A  b  jiler  should  be  good  and 
well  looked  after. 

The  motion  was  agreed  to. 


The  President  said,  the  next  paper  Lo  be  discussed  was  that  "On 
Two  Systems  of  Working  the  Main  Coal  at  Moira,  Leicestershire/1  by 
Mr,  W.  S.  Gresley. 

Mr.  W.  H.  IJedley  said,  the  present  method  produced  tatter  results 
than  the  former  method;  but,  having  regard  to  the  large  proportion  of 
coal  stated  to  be  lost  or  wasted,  it  seemed  to  him  there  was  even  yet 
mtisideruble  room  for  improvement.  Looking  at  the  tables  given  by 
Mr.  Gresley,  he  found  that  38  per  cent,  of  the  thickness  of  coal  worked 
was  left  behind,  lost.  He  failed  to  see  why  so  large  a  projKjrtion  of  the 
coal  actually  dealt  with  should  be  lost  in  working.  Moreover,  he  saw  that 
there  was  a  distinct  portion  of  coal,  nearly  3  feet  in  thickness,  overlying 
the  10  feet  of  coal  which  was  dealt  with,  and  separated  from  it  by  bauds 
of  stone  and  coal,  which  together,  made  a  total  thickness  of  5  feet  4 
inches.  Although  the  cover  was  considerable,  nearly  150  fathoms,  yet, 
judging  from  his  experience  of  seams  somewhat  similarly  situated  in 
this  district  he  should  expect  if  the  8  feet  coal  was  worked  away  more 
or  less  in  advance,  the  5  feet  4  inches  might  serve  to  form  a  roof  for 
working  the  10  fett  afterwards;  and  in  this  way  the  3  feet  of  coal,  of 
which  under  the  present  system  probably  none  was  recovered,  would 
also  be  got,  and  thus  something  like  20  per  cent,  more  of  the  entire  seam 
would  be  realized. 

The  President  said,  Mr.  Gresley  was  not  present  to  answer  the 
question,  and  therefore  it  would  he  well  to  adjourn  the  discussion.  It 
appeared  that  the  38  per  cent,  at  the  present  time  was  a  great  improve- 
ment upon  the  CO  per  cent,  formerly  lost.  Still  there  was  a  great  amount 
of  loss,  and  Mr.  Gresley  might  be  able  to  explain  the  reason. 


The  President  said,  the  next  paper  to  be  discussed  was  that  u  On 
Internal  Stress  in  Cylindrical  and  Spherical  Dams,11  by  Professor  W. 
Steadman  Aldis. 

Professor  Aldis  said,  if  there  were  any  point  in  the  paper  about  which 
any  member  felt  a  difficulty,  he  would  try  to  make  it  clear.    A  straight- 
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across  dam  niigbt  be  sufficient  where  there  was  a  small  head  of  water,  but 
where  there  was  a  great  head  of  water  it  would  be  better  to  construct 
a  sphoriral  or  cylindrical  darn. 

The  President  said,  he  did  not  think  the  general  pttetfet  in  this 
district  had  been  to  construct  flat  dams,  a*  Professor  Aldis  seemed  to  think. 
They  generally  put  in  cylindrical  damB,  which  were  a  great  deal  better 
than  flat  ones.  He  did  not  think  anyone  who  had  to  deal  with  heavy 
pressures  would  put  in  flat  darns.  Probably  the  spherical  was  as  much 
superioi  to  the  cylindrical  dam  as  the  cylindrical  dam  was  superior  to  the 
flat  dam. 

Professor  Aldis  said,  it  would  possibly  require  more  skill  and  involve 
greater  expense  to  build  a  spherical  dam  in  the  first  instance,  but  when 
erected  such  a  dam  would  l>e  by  far  the  most  efficient, 

Mr,  MaktivN  said,  he  had  pat  in  spherical  cylindrical  dams,  but  uot 
at  very  high  pressure,  and  he  noticed  they  pressed  themselves  into  the 
sides,  and  therefore  must  have  gone  a  little  flatter.  The  spherical  dam 
was  formed  without  difficulty,  each  brick  being  arranged  on  the  anrface 
and  marked.  He  asked  if  the  President  had  ever  observed  a  cylindrical 
dam  get  flatter? 

The  Puksidkkt — No.  They  are  generally  put  in  with  such  a  con- 
siderable margin  of  strength  that  they  rarely  move*  If  any  leakage 
occurred,  it  was  at  the  top  and  ttuttom,  tending  to  prove  the  superiority 
of  the  spherical  dam,  which  would,  under  pressure,  squeeze  itself  against 
the  support  in  all  directions,  lie  moved  a  vote  of  thanks  to  Professor 
Aldis  for  hm  paper,  which,  he  said,  was  upon  a  subject  of  great  importance 
to  the  mining  country  at  large. 

Sir.  John  Mabley  seconded  the  motion,  and  it  was  agreed  to. 

The  meeting  then  concluded. 
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GENERAL  MEETING,  TUESDAY,  JULY  3rd.  1883,  IX  THK  TOWN  HALL, 
BARROW-IN-FURNESS. 


GEORGE  BAKER  FORSTEll,  Esq*,  Puksjdkjjt,  in  the  Chatr. 


About  eighty  members  of  the  Institute  assembled  in  the  Town  Hall, 
Barrow-in-Furness,  the  majority  of  them  having  arrived  in  the  town  on 
the  previous  day. 

The  Mayor  of  Bartiow  (John  Fell,  Esq.),  in  welcoming  them,  said — 
Before  proceeding  to  the  business  for  which  they  had  met  together,  he 
desired  to  express,  on  behalf  of  himself  and  other  burgesses  of  the  borough, 
the  gratification  they  felt  at  their  town  having  been  selected  for  a  visit 
by  the  members.  He  considered  it  a  great  compliment,  and  hoped  that 
they  would  find  many  objects  atul  phnrs  of  interest  amongst  the  numerous 
extensive  manufactories,  works,  and  mines  to  repay  them  for  their  trouble. 
Every  facility  would  l>c  afforded  them  for  the  purpose.  He  proposed  to 
hold  a  Conversazione,  in  the  Town  Hall,  on  Wednesday  evening,  at  which 
it  would  give  him  great  pleasure  to  see  all  present,  as  the  meeting  would 
not  be  at  all  formal,  but  one  of  a  purely  friendly  and  social  character. 
To-day  the  members  would,  after  the  business  of  the  meeting,  be  taken 
by  special  train  to  the  Barrow  Haematite  Steel  Company's  works,  after 
inspecting  which  they  would  return  to  luncheon.  Probably  it  would  not 
be  possible  to  examine  many  of  the  details  at  the  works,  but  he  had 
arranged  for  specimens  of  the  minerals,  manufactures,  etc.,  to  be  exhibited 
at  the  Conversazione. 

The  President  asked  the  members  present  to  join  with  him  in 
returning  their  hearty  thanks  to  the  Mayor  for  his  kind  reception,  also  to 
the  many  friends  who  had  taken  so  much  pains  to  make  their  visit 
pleasant  and  give  tlicin  an  opportunity  of  inspecting  the  numerous  objeete 
vol,  xxxn  — iskji.  C  C 
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of  interest  and  beauty  in  the  district.  The  care  which  had  been  taken 
in  preparing  the  programme  showed  that  the  people  of  Barrow  had  deter- 
mined to  give  them  a  hearty  welcome,  which  he  was  sure  all  would  ap- 
preciate, and  he  hoped  they  would  enjoy  their  visit  and  find  it  pleasant 
and  profitable. 

The  Secretary  then  read  the  following  paper,  by  Mr.  Vincent  W* 
Corbett,  "  On  Water-gauge,  Barometer,  and  other  Observations  taken  at 
Seaham  Colliery  during  the  time  the  Maudlin  Seam  was  sealed  up." 


OBSERVATIONS  TAKEN  AT  tiEAHAM  COLLIKHY. 


ON  WATER-GAUGE,  BAROMETER,  AND  OTHER  OBSERVA- 
TIONS TAKEN  AT  SEA  HAM  COLLIERY  DURING  THE 
TIME  THE  MAUDLIN  SEAM  WAS  SEALED  UP. 


By  V.  W,  COUUETT. 


An  explosion  occurred  at  Seaham  Colliery  ou  the  8th  September,  1880, 
occasioning  the  loss  of  164  men  and  boys,  and  causing  immense  damage 
to  part  of  the  colliery  workings  and  to  the  timber,  etc.,  iu  the  downcast 
shaft. 

As  this  paper  will  be  illustrated  by  planB  and  diagrams,  it  will  be 
necessary  in  the  first  instance  to  give  as  briefly  as  practicable  a  descrip- 
tion of  the  colliery  and  its  workings. 

The  downcast  shaft  is  14  feet  diameter  and  300  fathoms  deep,  and  is 
divided  by  a  wooden  brattice;  the  west  side  of  the  brattice  is  termed 
No.  1  Pit,  the  east  side  No.  2  Pit. 

No.  1  Pit  works  the  Hutton  Scum  of  coal  to  Lhe  south  and  south-east, 
the  coals  being  hung  on  at  a  depth  of  255  fathoms;  No.  2  Pit  works  the 
Hutton  Seam  to  the  north  and  north-east,  the  hanging  on  being  at  a 
depth  of  281  fathoms  in  the  Harvey  Seam;  from  this  seam  a  drift  is 
driven  cutting  a  trouble  running  cast  and  west  and  winning  the  Hutton 
scam  at  the  north  side  of  it.  The  upcast  shaft  (No,  3  Pit)  is  14  feet 
diameter  and  270  fathoms  deep.  The  seams  worked  to  this  pit  are  the 
Hutton  Seam  towards  the  west,  the  Maudlin  Seam  towards  the  north  and 
north-east,  and  the  Main  Coal  Scam  is  worked  al*>  by  means  of  a  staple 
sunk  about  231  yards  north-west  of  this  pit;  this  seam  lies  32  fathoms 
alwve  the  Hutton  Seam;  all  these  coa!s  being  hung  on  at  the  Hutton 
Seam  level  at  a  depth  of  253  fathoms. 

The  workings  are  ventilated  by  moans  of  two  underground  furnaces, 
assisted  by  the  heat  of  the  Nos.  1  and  2  Pits1  underground  boilers, 
Plate  XXX.  shows  the  arrangement  of  shafts,  furnaces,  drills,  boilers, 
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scams  of  coal,  etc,  and  Plato  XXXI.  shows  the  plan  of  the  workings. 
The  average  quantity  of  air  ventilating  the  whole  of  the  working*, 
engine  houses,  stables,  etc.,  is  about  320,000  cubic  feet  per  minute. 

The  accident  occurred  at  about  2*80  a.m.  on  the  morning  of  the 
8th  September.  Owing  to  damage  to  the  shafts  some  time  elapsed 
before  there  was  any  communication  with  the  workings.  Subsequently 
it  waB  ascertained  that  several  fires  existed,  namely,  in  the  old  engin 
hi>usc\  N<>>  1  Pit,  the  con  I  was  on  fire;  No.  1  Pit  engine- honsc  w 
on  fire;  various  other  fires  were  discovered  and  were  gradually  extin- 
guished. The  work  of  recovering  the  bodies  was  pushed  on  as  fast 
as  possible,  but,  owing  to  the  numl>er  of  falls  on  the  rolleyways,  it  was  not 
until  the  1st  October  that  the  last  district,  the  east-way  in  the  Maudlin 
Seam,  was  explored;  it  was  then  discovered  that  a  large  fire  existed  in  some 
temporary  stables.  This  occurrence  led  to  the  sealing  up  of  the  Maudlin 
Seam  workings.  On  the  3rd  October  a  commencement  was  made  to  seal 
up  this  seam  by  temporary  stoppings  of  wood,  after  which  brick  ones 
were  put  in,  two  of  which  were  in  the  intake  and  one  in  the  return 
air-course.  Half-inch  iron  pipes  were  inserted  through  all  these  stop- 
pings for  the  purpose  of  attaching  water-gauges.  Before  midnigh 
on  the  same  day  all  these  stoppings  were  completed.  In  the  begin  ni 
of  December  a  little  gas  was  occasionally  found  in  the  return  air-c© 
in  the  l/'U  Main  Seam  (these  workings  are  shown  by  red  lines  on 
Plate  XXXI.)  not  far  distant  from  the  No.  H  stopping,  and  as  tb 
Maudlin  and  Low  Main  Scams  at  this  point  are  within  a  few  feet  of  each 
other,  it  was  possible  that  gas  out  of  the  Maudlin  might  I*  finding  its  way 
through  the  strata,  and  thus  into  the  waste;  it  was  therefore  considered 
advisable  to  place  in  the  Low  Main  Seam  some  additional  stoppings* 
which  were  completed  on  the  11th,  and  the  Maudlin  Seam  workin 
may  be  considered  to  have  been  hermetically  sealed  from  that  dale. 

When  the  Maudlin  Seain  workings  were  thus  closely  sealed  np,  the 
interior  might  be  assumed  to  l>e  a  large  gasometer  and  the  readings 
the  water-gauges  show  clearly  the  difference  between  the  atmospheric 
pressure  prevailing  outside  the  stoppings,  and  the  pressure  of  the 
confined  in  the  sealed  up  workings. 

In  order  fully  to  understand  the  plans  and  diagrams  illustrating  this 
paper,  it  may  Ik.1  as  well  U>  minutely  deserilie  ihein,  together  with  the 
arrangement*  that  were  made  to  carry  out  the  experiments* 

Plate  XXXI.,  as  before  stated,  represents  a  general  plan  uf  the 
workings,  A  king  the  downcast  and  B  the  upcast  shaft*    The  method  of 
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ventilation  is  shown  thus — the  roads  coloured  blue  are  the  in-take  air- 
courses,  and  those  coloured  pink  are  the  return  air-courses,  or  waste. 
Stoppings  were  placed  at  1  and  2  in  the  in-take  of  the  Maudlin  Seam, 
and  at  S  and  4  in  the  return  air-course.  Water-gauges  were  placed  at 
each  of  these  stoppings,  and  the  ol>scrvationB  at  these  water-gauges 
(recorded  as  Nos.  1,  2,  3,  and  4  water-gauges  in  the  first  four  lines  of 
the  diagrams)  along  with  the  barometer  and  other  readings,  taken  every 
hour,  form  the  basis  of  this  paper. 

Through  stopping  No.  3  a  9-inch  pipe  was  inserted  with  a  bend 
turned  upwards  on  which  a  valve  was  placed.  This  was  loaded  with  a 
weight  which  would  allow  gas  to  escape  when  it  reached  a  certaiu 
pressure  behind  the  stopping.  This  was  done  lest  any  undue  accumu- 
lation of  gas  should  take  place  to  an  extent  which  might  endanger 
the  security  of  the  stoppings.  As,  however,  will  be  observed  by  the 
readings  of  the  water-gauge  at  its  side,  no  pressure  of  any  consequence 
ever  did  ocenr. 

The  gas-check  was  taken  in  another  part  of  the  pit,  in  the  No.  3  Pit, 
Hutton  Seam  workings,  at  about  a  mile  distant  from  the  stoppings.  As 
will  be  seen  by  Plate  XXXI.,  a  gallery  0  (coloured  black)  about  50  yards 
long,  leading  from  the  return  air-course  to  the  goaf,  was  kept  open  so  that 
a  man  could  traverse  it.  This  goaf  might  be  said  to  be  free  in  many 
directions  to  give  off  gas  into  the  workings,  but  most  of  the  galleries 
abutting  on  the  goaf  were  more  or  less  crept,  whereas  the  gallery  C  was 
perfectly  open. 

This  gallery  C  was  used  in  much  the  same  way  as  the  tube  of  a  baro- 
meter, to  indicate  the  distance  from  the  waste  at  which  gas  was  found  in 
the  gallery.  Every  hour  a  man  went  in  with  a  safety-lamp  and  noted  the 
distance  from  the  waste  at  which  be  first  observed  gas  in  the  lamp,  and 
these  readings  are  given  by  means  of  the  line  marked  Gas-ch.  in  the 
diagrams.  Of  course  when  the  gas  disnpi>earcd  nothing  more  could  bo 
observed;  when  the  line  is  at  the  top  and  registers  straight  over  a  certain 
space,  it  indicates  that  during  that  period  of  time  there  was  no  gas  in  the 
gallery.  Again,  when  the  gas  came  so  freely  out  of  the  goaf  as  to  be 
carried  away  by  the  air-current  50  yards  distant,  the  diagram  shows  a 
straight  line  over  a  certain  space  at  the  lxittom,  which  indicates  that  there 
was  gas  the  whole  length  of  the  gallery.  The  lines  marked  respectively 
2.  Ba.,  ;t,  Ba.f  and  Su,  Ba.  in  the  diagrams,  indicate  the  three  baro- 
metrical readings  taken — one  nt  No.  2  stopping  shown  by  -\  barometer, 
the  secoud  at  No.  8  stopping  shown  by  :5.  barometer,  and  the  third 
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at  the  surface  shown  by  surface  barometer.  The  barometers  in  use  at 
the  different  points  had  not  teen  adjusted  op  to  the  8th  of  May,  1881 — 
but  on  that  day  they  were  adjusted — it  will  be  observed  that  almost  up 
to  that  date  the  barometer  at  No.  8  stopping  registered  higher  than 
the  one  placed  at  No.  2  stopping,  but  after  the  adjustment,  the  instru- 
ment at  No.  2  stopping  registered  higher  than  the  one  plnced  at  No.  3 
stopping.  The  1.  The.,  2.  The.,  3.  The.,  and  So.  The.  in  the  diagram 
show  four  thennometrieal  readings— the  first  taken  from  an  instrument 
placed  at  No.  1  stopping;  the  second  from  one  placed  at  No.  2  stopping; 
the  third  from  one  placed  at  No.  3  stopping;  and  the  last  from  one  placed 
on  the  surface.  The  two  bottom  divisions  are  devoted  to  the  direction 
of  the  wind  and  its  force  in  miles  per  hour,  indicated  by  a  self- regis- 
tering instrument  kiudly  leut  by  Mr.  L.  J.  Crossley,  F.R.A.8.,  to  the 
Meteorological  Council,  and  placed  by  them  at  Seaham  Harbour, 
The  following  statement  will  explain  the  speed  of  the  wind  : — 

When  calm  the  velocity  U  about 

Light  uir  „ 
Breeze 

Geutlo  breeze  „ 

Moderate  M  m 
Frwh  t, 

Strong      .  „ 

Moderate  gale  a 
Fresh  » 

Strong      „  „ 
Whnle  « 

Storm       h  ii 

Hurricane  „ 

The  unly  otin-r  ■  '1  mi  \  at  urn  Liken  was  ;i  imOmg  of  u  thermometer 
pluf  i  d  inside  the  U-ineh  pi]  >c  at  No*  3  stopping,  this  was  registered  ouoe 
a  day.  The  readings  of  this  instrument  are  nut  shown  on  the  diagrams, 
but  the  following  is  I  KtutcineDt  of  the  heat  registered :  — 
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From  January   Jut,  1881,  to  January  31st    70 

„    February  1st   70* 

t,     IflpHWJ  2nd  to  February  28th  70 


March 

lat  to  March 

Sth   

♦..  G9 

March 

fith  to  March 

10th  

...  70 

MlLl'l'll 

11th  to  March 

19th  

...  69 

March 

20th  to  March 

23rd  

...  70 

Muirli 

21th  to  April 

10th  

...  69 

April 

llth  to  April 

20th  

...  69* 

April 

2Ut  to  May 

11th  

...  70 

May 

12th  to  June 

3rd  

...  69 

June 

■Uh  to  June 

I7th  

...  70 

June 

18th  to  June 

20th  

...  eo 

June 

21st  to  J  u  in- 

2Uh  

.♦.  70 

Three  men,  working  in  three  separate  shifts,  were  appointed  to  make 
observations  at  those  several  points  in  the  workings,  the  readings  of  the 
barometer  and  thermometer  at  the  surface  being  made  separately, 

As  before  stated,  the  distance  between  the  points  where  the  water- 
ranges  and  barometers  were  placed  is  about  a  mile  from  the  gallery  where 
the  gas-check  was  made,  and  the  stoppings  5*  and  4  were  not  on  the 
same  level  as  1  and  2,  consequently,  there  was  a  lapse  of  time  of  about 
forty  minutes  between  the  commencement  and  termination  of  each 
hour's  observations.  Absolute  simultaneousness  of  registration,  therefore, 
was  not  attained,  and  it  will  be  as  well  to  recollect  this  in  forming  deduc- 
tions, some  of  which  ore  founded  on  readings  of  extreme  minuteness. 
Referring  to  the  diagrams,  the  space  between  the  dark  vertical  lines 
represents  a  day,  the  light  vertical  lines  di\iding  it  into  twenty-four 
equal  spaces  representing  hours,  The  dark  horizontal  lines  in  the 
diagram  represent  inches  in  the  four  water-gauge  readings  and  the  three 
barometer  readings,  20  yards  in  the  gas-check  readings,  and  inches  in 
the  barometer  readings,  the  dotted  dark  horizontal  lines  at  the  top 
indicate  a  state  of  equilibrium  between  the  air  outside  the  stoppings 
of  the  four  water-gauges  and  the  gas  in  the  sealed  up  workings,  the 
space  between  each  two  horizontal  lines  is  sub-divided  by  faint  lines 
into  tenths,  each  such  division  representing  two  yards  in  the  space 
devoted  to  the  gas-cheek. 
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Therefore,  the  observations  taken  consist  ot : — 


The  muling*  of  u  irmier-gMgpo  placed  at  No.  1  topping     marked  1.  W.O, 

No.  2      n  2.W.O. 

xo.  s    „    s.w.e. 

„  „       Xo.  i      „  n  4.W.G. 

h  the  pis  eliee k       .„       ...       ...        . .     „  Oa»-oh. 

„  thermometer  nt  No.  1  stopping  1,  The. 

2    p  2,  The 

ff  3    m   ,  B.  n» 

„  „  Hurfnoe    „  8ti.  The* 

„  barometer  at  No.  2  stopping    ...       ...     „  2.  H*. 

■»  »f  w    3  ......     M  3.  B*. 

H  surface    »  It,  Bjl 

Direction  of  the  wind. 

Velocity  of 


The  comparisons  it  is  here  proposed  to  call  attention  to  are: — 

1.  — A  comparison  between  the  No.  3  water-gauge  and  No,  $ 

barometer. 

2.  — A  comparison  between  the  No*  2  water-gauge  and  the  gaa- 

check. 

8. — A  comparison  Ik? t ween  the  No.  3  water-^auge  and  the  gas- 
cheek. 

4. — A  comparison  between  the  Xo.  3  barometer  and  the  gaa- 

check. 

For  the  purpose  of  this  paper  it  is  perhaps  now  unnecessary  to  draw 
attcntii'ii  a\\  the  observations  taken,  but  three  of  the  moat  clear!/ 
defined  instances  of  the  fluctuations  of  pressure  have  been  taken  for 

comparison* 

First  Instance. — From  Saturday,  the  5th  of  February,  to  and  with 

Sunday,  the  13th  of  February,  1981*  shown  on 

25b\  257,  258  pages. 
■Second  Instance. — From  Monday,  the  21st  of  March,  to  and  with 

Sunday,  the  27th  of  March,  1£81,  shown  on 

271.  272  pages. 

Third  Instance. — From  Saturday,  the  14  th  of  May,  to  and  with 
Sunday,  the  22nd  of  May,  1881,  shown  on  $88, 
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1  TV* 


Th*  <iarfr  v?rti&ul  line*  rrpre&enl  days, 
7?t*  fight       ' f  nf  hours. 

The  dark  horizontal  linn*  rvpre&tnt  one  inch  of  waAtr  or  m*Ttwj 
JGTJkJmAstf.  and  ZtlYariUi  ut  tht  Go*  eh*ck. 
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TH*  *Utrk  horizon  tal  tin**  r*pr*iti>nt  <mt  t/tch  of  watrr  t*r  m+reury 


SA  /if 


To  i.fluslmi*  Jff  (  orbrtts  paper. 
DECEMBER    133  O. 


' :  i*f  f'Tffff 


p.  m . 


W  e- rl  rt  e  &  cL  *x  *j 


3^ 


p  r>? 


p  m 
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SuSkt 
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To  iUuttfraU  MrCorbe.lt*  paper 
DECEMBER  IBBO 


ft  r?j 
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Th*  ItAfht       .<  -  hour?. 
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Bar 
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mm 
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1 


p  rn 


Th*  light  h*ur*> 
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OBSERVATIONS  TAKEN  AT  SHAH  AM  COLLIERY 


FIRST  COMPARISON. 

BETWEEN  No.  3  WATER-GAUGE  AND  No.  3  BAROMETER* 
FIRST  INSTANCE. 

By  the  water-gauge  a  depression  commences  on  Saturday,  the  5th  of 
February,  at  5  p.m.;  this  depression  continues  gradually  till  Sanday,  the 
tith,  at  10  p.m.  (Hue  a)f  when  a  rapid  fall  commences,  the  lowest  point 
being  obtained  on  Monday,  the  7th,  at  6  p.m.  (line  b)9  a  rapid  rise  then 
occurs;  the  highest  point  is  reached  on  Tuesday,  the  8th,  at  7  p.m.  (line 
A  slight  fluctuation  then  occurs  up  to  Wednesday,  the  !Uh,  at  8  a.oi. 
(line  d)y  when  there  is  another  great  depression,  the  lowest  point  being 
obtained  on  Thursday,  the  10th,  at  2  a.m.  (line  From  this  hour  there 
is  a  quick  rise,  the  highest  point  being  reached  on  Friday,  the  11th,  at 
S  a.m.  (Hue /).  From  this  hour  an  out- bye  pressure  prevails  (generally) 
till  noon  on  the  13th  (line  g). 

To  obtain  a  comparison,  between  the  water-gauge  and  the  barometer, 
it  is  found  that  during  the  time  the  water-gauge  is  showing  a  depres- 
sion (line  a)  the  barometer  is  rising;  the  centre  of  this  is  reached  on 
Monday,  the  7th,  at  about  1  a.m.  Dine  A),  but  the  depression,  according 
to  the  barometer,  does  not  begin  till  4  a.m.  the  same  day  (line  t).  In  this 
instance  the  barometer  commences  to  show  a  depression  thirty- five  hours 
after  the  water-gauge.  The  centre  of  this  depression,  as  shown  by  the 
barometer  (line  i ),  may  be  taken  on  Tuesday,  the  8th,  at  8  a.ni.,  but  there 
is  no  rise  shown  till  1 1  a.m.  the  same  day;  in  this  instance  it  is  seventeen 
hours  behind  the  water-gauge.  The  centre  of  the  rise  of  the  barometer 
may  be  assumed  to  be  on  Wednesday,  the  tith,  at  2  p.m.  (hue  f),  and  a 
depression  is  shown  as  commencing  at  (  p.m.  the  same  day,  or  twenty- 
three  hours  after  the  depression  is  marked  by  the  water-gauge.  A  fall  of 
barometer  now -takes  place,  the  centre  of  depression  being  on  Thursday, 
the  loth,  at  about  3  p.m.  (line  k)t  but  no  rise  is  shown  till  9  p.m.  the 
same  dav,  or  nineteen  hours  after  the  water-gauge*  A  rise  now  occurs 
(line  /).  The  centre  of  this  rise  may  be  assumed  at  7  p.m.,  on  the  12th, 
and  no  depression  is  mar  ked  till  t  a.m.,  on  the  13th,  and  then  for  several 
hours  the  fall  is  very  slight;  the  Urometer  in  this  instance  marks  ft 
depression  forty-eight  hours  after  the  water-gauge. 

SECOND  INSTANCE. 
The  water-gauge  shows  a  depression,  commencing  on  Monday,  the 
21st  of  March,  at  11  p.m.  (with  the  exception  of  a  slight  rise  between 
H  p.m.  and  10  p. in,  on  the  22nd),  and  ending  on  Wednesday,  the  23rd, 
at  S  p.m.  (line  a).    A  sudden  rise  then  takes  place,  the  highest  point 
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reached  is  on  Thursday,  the  24th,  tit  D  a.m.  (line  b);  from  thiw  time  a 
slight  fall  occurs  (line  c),  the  lowest  point  being  reached  at  11  p.m.  the 
same  day,  then  a  rise  to  Friday,  the  25th,  at  7  p.m.  (line  d).  A  gradual 
ontliye  pressure  now  e< unmenees  (hue  e).  The  barometrical  readings  show 
that  from  Tuesday,  the  22nd,  at  1  a.m.  till  8  p.m.  the  same  day  the  mercury 
ribMfl  (line/);  a  depression  then  commences  (line  g),  the  barometer,  there- 
fore, marks  that  depression  twenty-one  hours  after  the  water-gauge. 
This  depression  m  shown  by  the  barometer  is  of  long  continuance,  and 
no  Hse  is  marked  till  Friday,  the  2f>th,  at  5  a.m,  (line  h)t  this  is  thiit  v- 
three  hours  after  thy  water-gauge.  From  Wednesday, the  23rd,  at  8  p.m,, 
to  Thursday,  the  24th,  at  8  a.m.  (line  b)  it  will  be  noticed  the  water-gauge 
makes  a  sudden  rise;  from  Thursday,  the  24th,  at  9  a.m.  to  11  p.m.  on 
[.lie  same  day,  a  fall  occurs  (hue  r),  the  barometer  in  the  meanwhile  con- 
tinuing steady  j  after  this  the  water-gauge  and  barometer  rise,  the  water- 
gauge  acting  about  fiix  hours  before  the  barometer.  The  centre  of 
this  rise  may  be  assumed  to  he  at  noon,  on  the  27th,  forty  -one  hours 
after  the  water-gauge,  after  which  the  barometer  continues  steady  for 
iOM  time. 

THIRD  INSTANCE. 

The  water-gauge  shows  a  depression  commencing  on  Saturday,  the 
14th  of  May,  at  ft  p.m.,  reaching  the  lowest  point  on  Monday,  the  Hith, 
at  2  a.m.  (line  fl).  A  rapid  rise  from  Monday,  the  16th,  at  2  a.m,  till 
ft  {LOOK  the  same  day  (line  J>).  A  rapid  fall  from  Monday,  the  10tht  at 
B  p.m.  till  Tuesday,  the  17th,  at  3  p.m.  (line  f) ;  then  a  rise.  The  bar- 
ometer shows  a  fall  commencing  on  Sunday,  the  loth,  at  8  a.m.,  or  seven 
hours  after  the  water-gauge  (line  d)  ;  a  rise  commencing  on  Monday, 
the  lGth,  at  6  a.m.  (line  or  four  hours  after  the  water-gauge.  The 
barometer  then  shows  no  depression  till  Tuesday,  the  17th,  at  7  a,ni., 
or  eleven  hours  after  the  water-gauge;  after  this  a  fall  and  a  steady 
barometer  for  some  time,  as  against  a  rise  and  steady  water-gauge. 

SECOND  COMPARISON. 
BETWEEN  No.  2  WATER  GAUGE  AND  THE  OAS  CHECK, 
F1KST  INSTANCE. 
The  gas-check  shows  that  the  place  is  practically  free  from  gas  on 
Saturday,  the  5th  of  February,  at  9  a.m.    At  this  hour  No.  2  water- 
gauge  registers  0*9  inch;  the  gas-cheek  showB  that  the  place  remains 
comparatively  free  from  gas  till  Sunday  the  6th,  at  10  p.m.;  at  the  same 
hour  the  water-gauge  registers  07  inch;  according  to  the  gas-check,  gas 
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thou  makes  its  appearance,  and  so  continues  till  Tuesday,  the  8tb,  at 

5  p.m.,  when  the  place  is  again  free  from  gas,  the  water-gauge  reading  at 
that  hour  is  11  inch.  After  this  the  gas-check  shows  the  place  free  from 
gas  till  Wednesday,  the  Dth,  at  0  a.m,  the  water-gauge  registering  1*2 
inch;  alter  this  the  gag-check  shows  gas  till  Thursday,  the  10th,  at  8  p.m., 
when  the  reading  is  0'4  inch.  The  place  remains  free  from  gufi  till 
Saturday,  the  12th,  at  5  p.m.,  the  water-gauge  still  registering  0"4  inch. 

SECONT>  INSTANCE. 

The  gas-check  shows  the  place  is  free  from  gas  on  Monday,  the  21st 
of  March,  at  0  p.m.,  and  at  the  same  time  the  water-gauge  reading  is  0"9 
inch :  the  gas-check,  however,  shows  presence  of  gas  at  10  p.m.,  the 
water-gauge  then  registering  TO  inch.  The  gas-check  shows  the  place 
free  from  gas  on  Friday,  the  2f>th,  at  9  a.m.,  the  water-gauge  reading  being 
then  0*9  inch;  by  the  gas-check  the  place  remains  free  from  gas  (with  a 
slight  exception  correspondingly  marked  by  the  water-gauge)  till  Saturday, 
the  26th,  at  10  p.m.,  the  water-gauge  reading  at  the  Bamc  hour  being 

06  inch.  The  gas-check  shows  the  place  free  from  gas  at  7  a.m.  on  the 
27th,  and  remains  so  for  two  hours,  the  water-gauge  reading  0*4  inch. 

THIRD  INSTANCE. 
By  the  gas-check  there  is  no  gas  on  Monday,  the  16th  of  May, 
8  a.m.,  at  the  same  hour  the  water-gauge  reads  1*0  inch.  The  place  is 
comparatively  free  from  gas  tilt  Tuesday,  the  17th,  at  1  a.m.,  by  the  gas 
check,  the  water-gauge  reading  then  being  1*1  inch.  The  gas-check 
shows  the  place  free  from  gas  on  Thursday,  the  10th,  at  between  il  and 
K  p.m.,  the  water-gauge  registering  0"6  ami  0*7  inch  respectively.  The 
gas-check  shows  no  gas  on  Friday,  the  20th,  at  5  a.m.,  the  water-gauge 
reading  then  being  0*8  inch.  The  gas-check,  with  a  slight  exception 
(correspondingly  marked  by  the  water-gauge),  shows  the  place  free  from 
gas  till  midnight  on  Sunday,  the  22nd?  the  water-gauge,  however,  at 
this  time  shows  a  great  discrepancy,  or  it  may  be  an  error  in  reading, 
for  its  readings  vary  down  to  02  inch  outbye  pressure. 

TITIRD  COMPARISON. 
BETWEEN  No.  3  WATER-GATCE  AND  THE  GAS-CHECK. 
FIRST  INSTANCE. 
No.  3  water-gauge  reads  —0  6  inch  on  Saturday,  the  5th  of  February, 
at  9  a.m.,  at  the  same  hour  the  gas-cheek  shows  the  place  free  from  g-~ 
On  Sunday,  the  6th,  at  10  p.m.,  the  water-gauge  reads  —0*6  inch,  at  the 
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same  hour  gas  comes  off  freely,  us  shown  by  gas-check,  and  continues  to 
come  off  till  Tuesday,  the  8th,  |t  3  p.m.,  when  the  water-gauge  reads  —  0*6 
inch  at  the  same  time;  the  place  is  free  from  gas  on  "Wednesday,  the  Oth, 
at  9  a.m.,  the  water-gauge  at  10  a.m.  same  day  registers  — 0'6  inch.  Gas 
comes  away  freely,  and  the  place  is  not  again  free  from  gas  till  Thursday, 
the  10th*  at  H  p.m.;  the  water-gauge  registering  —  O'fl  inch  at  7  p.m.  same 
day;  the  place  remains  free  from  gas  till  Saturday,  the  12th,  at  f*  p.m., 
the  water-gauge  registering  —  0  6  inch  three  hours  before;  then  the  atmos- 
pheric pressure  decreasing,  gas  comes  away. 

SECOND  INSTANCE. 

At  9  p.m.  on  Monday,  the  if  1st  of  March,  the  water-gauge  registers 
—0'6  inch,  the  gas-check  at  the  time  showing  also  the  place  to  be  free 
from  gas;  the  place  does  not  again  appear  free  from  gas  till  Friday,  the 
SStttj  at  |  a.m.,  the  water-gauge  at  the  same  hour  registering  —0*6  iuch. 
By  the  gas-check  the  place  remains  free  from  gas  till  Saturday,  the  26th, 
at  5  a.m.,  when  it  shows  for  four  hours,  the  water-gauge  at  the  same 
time  shows  a  slight  increase  of  outhyc  pressure  for  a  similar  period;  the 
place  is  again  free  from  gas  at  9  a.m.  the  same  day,  the  water-gauge 
registering  —0*6  inch  at  the  same  hour;  the  gas-check  shows  gas  coming 
off  at  10  p.m.  the  same  day,  the  water-gauge  registering  at  the  same 
hour  —  0*5  inch.  By  the  gas-check  the  place  is  free  from  gas  on  Sunday, 
the  27th,  at  7  ft.nu,  and  remains  so  till  9  a.m.,  or  for  two  hours.  In 
this  instance  there  is  a  slight  discrepancy  between  the  gas-check  and  the 
water-gauge,  for  the  water-gauge  registering  —0*6  iuch  would  indicate 
absence  of  gas  for  about  a  similar  period,  but  two  hours  previously. 

THIKU  INSTANCE. 

The  gas-check  shows  the  presence  of  gas  up  to  Monday,  the  16th  of 
May,  at  8  a.m.,  the  water-gauge  registering  —0*6  inch  at  6  a.m.  the  same 
day,  or  two  hours  before;  the  place  remains  free  from  gas  by  the  gas-check 
till  Tuesday, the  17th,at  1  a.m.,  the  water-gauge  then  registering— 0*5  inch. 
Gas  again  shows  in  the  place  till  Thursday,  the  19th,  at  6  p.m.,  the  water- 
gauge  then  registering —0*5  inch.  The  gas-check  next  shows  the  place  free 
from  gas  on  Friday,  the  20th,  at  5  a.m.;  the  water-gauge  reading  — 0'U 
inch  at  the  same  hour.  The  gas-cheek  shows  a  trace  of  gas  on  Sunday, 
the  22nd,  at  noon,  the  water-gauge  reading  —0*6  inch  at  the  same  hour. 
Gas  is  present  till  5  p.m.  the  saiue  day,  when  the  place  is  again  free  fnan 
gas;  the  water-gauge  reading  —0  6  inch.  The  place  remains  free  from 
gas  till  midnight,  the  water-gauge  during  that  period  coutinuing  to 
register  —  0'6  inch,  and  at  that  hour  it  works  simultaneously  with  the 
gas-check. 
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FOURTH  COMPARISON, 


RKTWKEN  No,  3  HAROMETKR  AM)  THK  UA8-CJM0C. 


FIRST  INSTANCE. 


The  barometer  commences  to  rise  at  1  p.m.  on  the  5th,  and  shows  no 
depression  till  Monday,  the  7th  of  February,  at  4  a.m. — the  gas-cheek 
shows  no  gas  at  9  a.m.  on  the  5th,  or  four  hours  before  the  barometer 
commences  to  rise.  Gas  again  shows  on  Sunday,  the  6th,  at  10  p.m.,  or 
six  hours  before  a  fall  is  denoted  by  the  barometer,  this  fall  continues 
and  no  rise  of  the  barometer  is  shown  till  11  a.m.  on  the  8th;  the  gas- 
eheck  shows  the  place  free  from  gas  the  same  day  at  3  p.m.,  the  barometer 
therefore  moves  upwards  four  hours  before  the  place  is  free  from  go*. 
Taking  the  barometer  reading  at !)  a.m.  on  the  Mb,  at  10  p.m.  on  the  f»tb, 
and  at  3  p.m.  on  the  8th,  there  are  three  readings  when  there  is  no  gag, 
and  the  barometer  reads  30  95  inches,  31  '8  inches,  and  SO1 7  inches,  re- 
spectively, at  those  periods.  The  barometer  rises  from  Tuesday,  the  8th.  at 

11  H.m.,  and  shows  no  depression  till  <;  p.m.  next  day;  the  gas-check, 
however,  shows  gas  to  commence  coming  off  on  Wednesday,  the  !*th,  ut 
$  am.,  the  fall  of  the  barometer  therefore  is  only  apparent  nine  hours 
after  gas  lias  been  detected.  The  gag-check  shows  presence  of  gas  till 
Thursday,  the  10th,  at  8  p.m.,  the  barometer  commencing  to  rise  at  i)  p.nu 
on  the  same  day,  virtually  at  the  same  time.  Taking  two  readings,  namely, 
9  a.m.  on  the  lUh,  and  8  p.m.  on  the  10th,  there  are  two  periods  showing 
no  gas  and  the  barometer  reading  31*4  and  30*1  inches  respectively. 
The  barometer  rises  from  Thursday,  the  10th,  at  I»  p.m.,  and  shows  no 
depression  till  Sunday,  the  13th,  at  8  a.m.,  but  by  the  gas-check,  gas 
comes  off  on  Saturday,  the  12th,  at  5  p.m.,  or  ten  hours  before  the 
barometer  commences  to  show  the  slightest  fall,  and  that  instrument 
continues  steady  for  a  considerable  pcrind  ;  lt;is,  n*-vei-ihc(es.s,  is  present 
in  the  gas-check;  the  barometer  registers  31*75  inches  at  5  p.m.  on  the 

12  th.  There  are  therefore  several  periods  when  the  gas-check  shows 
no  gas,  the  barometer  readings  recording: — 


Uu  t\w  5th  t»f  flftbruarv 


301*5 
it  HO 
30-70 
31  10 


i,  «th 


11175 


30'  lO 
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SECOND  INSTANCE. 
The  barometer  had  been  very  steady  for  some  days,  during  which  time 
the  gas  check  had  registered  the  place  to  be  giving  oft*  gas  at  various 
times,  also  to  be  free  from  gas  when  a  slight  rise  commenced  on  Monday, 
the  21st  of  March,  at  9  p.m.;  at  the  samchonr  the  gas-cheek  is  free  from 
gas  for  a  short  time,  after  which  gas  comes  away  and  the  place  is  noL 
again  tree  from  gas  till  Friday,  the  25th,  at  !>  a.m.;  the  Imrometer  in 
this  instance  appears  to  be  no  certain  guide,  for  commencing  with  the  rise 
on  Monday,  the  21st,  at  9  p.m.,  it  continues  to  rise  slightly  for  about 
twenty-four  hours,  gas  coming  off  the  whole  time;  after  the  twenty* 
four  hours  there  is  a  sharpish  fall  for  about  twenty-seven  hours,  then  a 
steady  barometer  for  about  twenty-nine  hours,  a  rise  commencing  on 
Friday,  the  25th,  at  5  a.m.,  during  the  whole  of  this  time  gas  is  lieing 
given  off;  the  gas  check  shows  the  place  free  from  gas  at  I  a.m.  the  same 
day,  or  fonr  hours  after  the  barometer  commences  to  rise — the  place  is 
now  free  from  gas  for  some  time,  the  barometer  continuing  to  rise.  By 
the  gas-check,  gas  comes  off  on  Saturday,  the  26th,  at  5  a.m.,  when  it 
shows  for  four  horn's,  the  barometer  continuing  to  rise,  and  at  this  hour 
registering  Sl'80  inches.  The  gas-check  is  again  free  from  gas  at  9  a.m., 
the  barometer  registering  inches,  and  the  place  remains  so  till  10 

p.m.  same  day,  the  barometer  registering  31*05  inches.  Gas  shows  at  the 
gas-cheek  till  Sunday,  the  27th,  at  7  a.m.,  the  barometer  during  the 
interval  continuing  steady,  and  reading  3V CO  inches;  the  place  remains 
free  from  gas  for  two  hours,  when  it  appears,  the  barometer  nevertheless 
continuing  steady,  and  registering  aljout  31*1)0  inches  for  several  hours 
after. 

There  are  here  five  periods  when  the  gas  check  shows  no  gasT  the 
barometer  recording: — 

Inches. 

On  the  21st  March   ...        1W  3130 

„     25th      „    3070 

„     25th   3145 

f,   26th    „   artw 

»,    27tl  3160 

THIRD  INSTANCE. 

The  barometer  marks  a  depression  on  Sunday,  the  loth  May,  and  no 
rue  is  shown  till  Monday,  the  IGth,  at  ti  a.m.,  when  it  goes  Up  rapidly, 
the  gaa-check  at  the  same  hour  showing  the  place  free  from  gas,  and  it 
remains  till  Tuesday,  the  17th,  at  I  a.m.,  the  barometer  commencing  to 
fall  at  7  a.m.  on  the  aamc  day  or  six  hours  afterwards.    After  this  there 


]b  rather  a  quick  fall  for  about  eleven  hours,  then  a  steady  barometer  tor 
about  sixty-two  hours,  during  this  time  the  gas-check  shows  the  place  free 
from  gas  for  about  two  hours  on  Thursday,  the  19  th,  tho  barometer  not 
recognising  this.  The  barometer  commences  to  rise  on  Friday,  the  20tl>> 
at  8  a.m.,  and  continues  rising  up  to  Sunday,  the  22nd,  at  0  a.m.  The 
gas-cheek  shuws  no  gas  on  Friday,  the  20th,  at  5  a.m.,  or  three  hours 
before  the  barometer  commences  to  rise.  During  the  period  between 
Friday,  the  2uth,  at  8  a.m.,  and  midnight  on  Sunday,  the  22ndf  the 
barometer  is  steadily  rising,  and  does  not  in  any  way  recognise  the 
presence  Of  gas,  H  shown  by  the  gas-check  at  about  noon  on  the  1'i'nd. 
At  midnight  on  Sunday,  the  22nd,  the  gas-check  commences  to  show 
presence  of  gas,  the  barometer  nevertheless  continues  high,  and  remains 
steady  for  a  considerable  time,  in  fact  for  about  twenty-eight  hours 
after  gas  appears,  and  then  commences  to  fall  slightly.  There  are  thus  five 
period*  when  the  gas-check  shows  no  gas,  the  barometer  recording: — 

Mp 

On  the  lGtli  of  May   30*65 

t .    17th       „   31*46 

„    19th       „   31-00 

„    20th     ,  alio 

„    22ud      ,  32*00 

REMARKS  ON  COMPARISONS. 

The  flat  comparison  made  between  the  water-gauge  and  the  Imro- 
meter  permits  the  following  deductions  to  be  made  : — 

1.  — The  extreme  sensitiveness  of  the  water-gauge  in  marking 

every  fluctuation  of  atmospheric  pressure  on  the  gaaea  in 
the  sealed  up  workings. 

2,  — The  great  tardiness  of  the  barometer  in  recognisiug  these 

fluctuations. 

It  is  apparent  by  the  water-gauge  diagram  that  fluctuations  of  gaaea 
in  colliery  workings  must  be  occurring  almost  every  hour,  these  frequent 
fluctuations  seem  to  be  clearly  defined  by  the  water-gauge  whenever  they 
take  place,  but  they  are  not  correspondingly  recognised  by  the  Urometer, 
and  it  appears  that  the  barometer  only  recognises  what  may  bo  termed 
general  or  elearly  defined  great  fluctuations,  and  even  then  very  aJowly. 
In  several  instances  when  the  water-gauge  has  shown  an  inbye  pressure 
prevailing,  am]  the  pressure  having  reached  its  limit,  an  outhye  pressure 
imminences,  indicating  that  gas  has  commence  J  coming  off,  it  is  found  th;it 
the  barometer  still  continues  to  mark  au  upward  tendency >  as  shown  in 
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the  first  instance,  when  the  water-gauge  commences  to  mark  an  outbye 
pressure  at  5  p.m.  on  the  5th  of  February,  this  uiuhye  pressure  continuing 
till  Monday,  the  7th,  at  6  p.m,;  but  the  barometer  at  the  beginning  of  this 
depression  is  actually  rising,  and  shows  no  sign  of  a  fall  fur  thirty-four 
hours  after  the  water-gauge,  or  fuur  hours  after  gas  actually  shows  in  the 
gas-cheek.  Again  the  water-gauge  shows  a  depression,  commencing  at 
7  p«m«,  on  the  8th,  and  this  depression  continues  till  the  10th,  at  2  a.m.; 
the  barometer,  however,  at  7  p.m.,  on  the  8th,  is  rising  and  continues  to 
rise  for  some  time  and  shows  no  depression  till  C  pjn.,  on  the  i)th,  which  is 
twenty-three  hours  after  the  water-gauge  shows  the  depression  arriving, 
and  nine  hours  after  the  gas  actually  shows  in  the  gas-check.  It  is 
perhaps  unnecessary  to  particularise  these  instances  further,  but  other 
comparisons  only  tend  to  confirm  and  carry  out  the  fart  of  the  tardiness 
of  the  barometer  in  denoting  the  fluctuations  of  atmospheric  pressures. 

THE  SECOND  COMPARISON. 

If  the  readings  of  No.  2  water-gauge  (placed  where  the  intake  air  lias  a 
direct  action  on  the  instrument,  and  only  at  a  distance  of  126*  yards  from 
the  bottom  of  No.  1  Pit)  arc  considered,  it  will  be  found  (generally)  that 
when  it  registers  an  inbye  pressure  of  between  0"7  and  TOO  inch, 
with  a  tendency  of  that  pressure  being  increased  (inbye),  there  is 
generally  an  absence  of  gas  in  the  gas-check;  on  the  other  hand,  when 
the  pressure  is  outbye  from  the  above  readings,  and  that  pressure  is 
increased  (outbye),  then  gas  is  being  given  off  from  the  strata.  This 
however,  is  not  fully  carried  out,  for  it  is  sometimes  found  that  the  water- 
gauge  registers  as  low  as  0'3  inch  when  gas  is  absent, 

THE  THIRD  COMPARISON 

lx'tween  No.  3  water-gauge  and  the  gas-check  tends  to  confirm  the 
former  comparison,  but  with  greater  accuracy.  Ilere  the  return  air  acts 
upon  the  water- gauge,  and  it  will  be  found,  generally,  that  whenever 
that  instrument  registers  an  outbye  pressure  of  0'6  inch  with  a  tendency 
of  thab  pressure  being  decreased,  there  is  an  absence  of  gas;  on  the  other 
hand,  when  it  registers  O'G  inch  pressure  outbye  with  the  tendency  of 
that  pressure  being  increased,  gas  is  given  off  from  the  strata. 

THE  FOURTH  COMPARISON 

between  the  barometer  and  gas-check  clearly  indicates  the  un  reliableness  of 
the  barometer.  In  a  few  cases  it  is  seen  to  act  before  gas  is  found  in  the 
gas-check,  but  generally  it  is  not  a  true  indicator  to  mark  the  giving  off 
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of  gos;  and  it  is  well  known  that  gas  is  frequently  found  in  colliery  work- 
ings ljefore  any  full  of  the  barometer  commences.  It  may  be  urged 
that  frequently  the  barometer  and  gas-check  work  together;  and  this  is 
so  to  some  extent,  as  particularly  instanced  between  the  5th  and  7th  of 
February;  at  the  same  time,  however,  the  water-gauge  proves  daring  part 
of  this  time  that  the  pressure  was  out  bye,  whilst,  liad  the  barometer  been 
consulted,  an  inbyc  pressure  would  have  been  indicated  In  fact,  the 
barometer,  so  far  as  an  indication  showing  that  gas  may  Lie  expected, 
cannot  l>e  Raid  to  be  reliable.  Unlike  the  readings  of  the  water-gauge, 
those  of  the  barometer,  showing  alscnce  of  gas,  are  so  widely  different 
that  it  is  impossible  to  assume  any  general  rule  as  to  when  the  presence 
of  gas  may  be  expected. 

CONCLUDING  IIEMARKS. 

One  lesson  suggested  by  the  foregoing  wa tor-gunge,  barometer,  and 
gas-check  readings  is,  that  as  an  instrument  for  the  use  of  all  connected 
with  colliery  operations,  the  water-gauge  may  be  found  to  be  preferable 
to  the  luirometer ;  and  that  if  a  water-gauge  is  connected  with  a  sealed 
up  working,  its  readings  indicate  nearly  accurately  the  giving  off  or  other- 
wise of  gas  in  a  colliery,  which  the  barometer  fails  to  do. 

If  the  above  system  of  ascertaining  when  gas  may  be  expected  to  be 
given  off  in  mines  am  Vie  further  substantiated,  and  put  into  actual  <we 
at  collieries,  it  will  doubtless  prove  of  much  greater  service  than  placing 
109  much  reliance  on  an  instrument  so  uncertain  in  its  action  in  indicating 
gas  as  the  barometer. 

Many  other  comparisons  might  be  made,  and  the  Council,  in  acceding 
to  an  expressed  desire  to  have  the  whole  of  the  valuable  diagrams 
printed  that  had  been  prepared  of  the  experiments,  have  placed  it  in  the 
power  of  the  mem  ben  to  multiply  these  comparisons  to  any  length,  and 
no  doubt  much  valuable  information  may  be  obtained  thereby. 

The  object  of  this  paper  is  not  to  propose  any  decided  theory,  but 
simply  to  place  before  the  members  the  results  from  a  number  ^f  experi- 
ments which  have  Ijeen  made  at  great  cost  and  trouble. 

These  are  perhaps  the  only  series  of  readings  published,  that  contain 
such  a  variety  of  information  obtained  at  the  same  or  nearly  the  same 
moment  of  time,  and,  therefore,  the  contribution  may  prove  valuable  if 
only  for  that  circumstance. 
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The  President  said,  it  was  a  very  interesting  paper,  and  as  it  was 
intimately  con  noised  with  another  very  valuable  paper,  namely,  the  one  by 
Mr,  Lindsay  Wood  <l  On  the  Pressure  of  Gas  in  the  .Solid  Coal,"  it  was 
desirable  that  the  two  quest  ions  should'bo  discussed  together. 

Mr.  J.  Dagush  said,  he  was  Euro  the  meeting  was  very  much  in- 
debted to  Mr.  Corbet t  for  the  great  pains  and  eare  he  had  taken  in 
regard  to  the  observations  whieh  he  had  so  minutely  laid  before  them, 
and  also  for  the  pains  and  rue  lie  had  taken  in  analyzing  the  results 
of  those  observations,  and  in  bringing  before  them  so  clearly  the  con- 
clusions to  which  he  had  arrived.  lie  might  mention  that  many  years 
ago  he  made  a  series  of  experiments  at  Uetton  Collieries,  with  the  view 
of  ascertaining  and  recording  the  pressure  of  gas  and  the  variations  of 
the  barometer;  and  the  results  he  arrived  at  were  precisely  such  as  were 
given  by  Mr.  Corbet t,  namely,  that  there  was  no  connection  whatever  1x3 1 ween 
the  variations  in  the  barometer  and  the  prevalence  of  gas  in  the  galleries 
of  the  mine;  and  that,  as  Mr.  Corbett  had  shown  them,  the  gas  appeared 
so  long  before  the  barometer  indicated  any  change  that  practically  it  was 
of  no  valne;  indeed,  the  gas  had  both  come  and  disappeared  before  any 
variation  in  the  atmosphere  was  recorded  by  the  barometer. 

Mr.  Lindsay  Wood  thought  there  was  a  difference  in  principle  between 
his  juner  ami  that  by  Mr.  Corbett.  The  latter  was  a  record  of  facts 
showing  the  pressure  of  gas  in  hermetically  sealed  working  places  of  a 
mine,  while  his  was  a  record  of  experiments  showing  the  pressure  of  gas 
contained  in  the  roal  itself.  The  area  of  the  workings  which  were  sealed 
up  in  the  Maudlin  Seam  were  of  a  considerable  extent,  several  hundred 
acres,  whereas  the  pipe  which  connected  these  workings  with  the  atmos- 
pheric air  was  of  very  small  area,  which  all  tended  to  make  a  most 
sensitive  instrument  for  indicating  any  variation  in  the  bulk  of  the 
gas  or  air  contained  in  the  large  area  of  workings,  the  sensitive- 
ness of  which  would  be  in  direct  proportion  to  the  difference  of  the 
cubical  contents  of  the  bulk  compared  with  the  area  of  the  pipe  through 
which  the  hulk  was  connected  with  the  atmosphere,  and  in  this  case 
the  difference  was  enormous.  The  experiments  which  he  (Mr.  Wood)  had 
made  were  undertaken  for  three  purposes: — (1)  To  ascertain  whether 
there  was  any  relation  between  the  issue  of  gas  from  the  pores  of  the 
solid  coal  and  the  variations  of  the  barometer ;  (2)  to  Ascertain,  if  possible, 
what  quantity  of  gas  was  being  given  off  in  different  seams  of  coal  per 
square  foot  of  face  exposed;  and  (3)  to  ascertain  to  what  extent  the  issue 
of  gas  varied  after  certain  periods  of  exposure  of  the  surface  of  the  coal. 
The  results  allowed  that  there  was  no  relation  whatever  tetween  the  varia- 
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tiong  of  the  barometer  and  the  temperature  with  the  quantity  of  gas 
evolved ;  also  that  the  places  where  the  pressure  of  the  gas  in  the  coal  had 
been  highest  did  not  seem  to  give  off  the  greatest  quantity  of  gas,  and 
there  appeared  to  be  no  connection  whatever  between  the  length  of  the 
bole  and  these  quantities.  In  the  experiment  at  Eppleton  the  hole  was 
Imred  into  the  face  of  the  coal  3  feet  6  inches,  leaving  only  18  inches  of 
solid  coal  bttHtMU  the  registering  gauge  and  the  space  where  the  gas  was 
allowed  to  accumulates  and  yet  the  pressure  reached  54 4  lbs.  With 
respect  to  the  quantity  of  gas  given  out  in  the  different  seams  of  coal,  it 
varied  very  considerably*  In  one  case  there  was  as  much  as  six  cubic 
feet  of  gas  per  hour  per  square  foot  of  surface,  whilst  in  another  in- 
stance there  was  not  more  than  from  a  half  to  three-quarters  of  a  cubic  foot 
per  hour.  Further  experiments,  however,  were  required  to  ascertain 
definitely  the  quantity  of  gas  given  off  by  a  given  area  of  a  face  of  work- 
ing coal,  as  the  experiments  in  this  case  showed  that  it  not  only  varied  in  the 
same  hole,  but  varied  during  different  hours  in  the  same  hole.  In  one  case, 
at  Eppleton,  the  quantity  of  gas  coming  from  the  coal  increased  after  six 
days*  exposure  to  IT  14  cubic  feet  per  hour.  After  an  exposure  of  five 
days  the  quantity  given  off  increased  rather  than  decreased,  and  after  thai 
it  alternately  increased  and  decreased,  and  it  increased  and  decreased 
I  Kith  with  the  rise  and  the  fall  of  the  barometer,  showing  that  the  baro- 
meter did  not  affect  it  in  the  slightest  degree, 

Mr.  William  Cochrane  considered  that  the  barometer  wan  merely 
indicating  the  atmospheric  changes,  hut  the  water-gauge  was  indie.it  mg  i  hi* 
pressure  inside  the  isolated  workings.  Probably  the  fire  was  not  extinguished 
when  the  experiments  were  made,  and  they  had  no  analyses  of  the  gases. 
Therefore,  there  may  have  been  outbursts  of  gas  going  on  at  the  same 
time.  In  fact,  the  condition  of  things  inside  the  supposed  gasometer 
seemed  to  be  so  varying  that  he  would  not  expect  the  Iwrometor  and 
the  water-gauge  to  correspond.  The  greater  sensitiveness  of  the  water- 
gauge  in  indicating  fluctuations  of  pressure,  com  pared  with  the  tardiness 
of  the  barometer,  was  due  to  the  longer  column  of  fluid  used  in  the  former. 

Professor  Hekschel  said,  the  same  comment  as  that  made  by  Mr* 
Cochrane  also  arose  in  bin  mind  when  Mr.  Corl>etts  paper  was  Wing  read. 
It  had  occurred  to  him  that,  the  sealed-np  chamber  in  which  the  water-gauge 
was  registering  the  pressure,  defined  the  pressure  of  a  great  mixture  of 
gases  as  if  they  formed  one  single  Wly ;  while  In  the  galleries  of  the 
mine  there  was  also  a  different  collection  of  gases,  of  which  the  barometer 
showed  the  pressure  as  a  single  body;  and  the  discharge  or  fire-damp  ont 
of  the  confined  chamber  would  depend  upon  the  pressure  of  tie  tire-damp 
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which  formed  part  of  what  the  water-gauge  indicated  rather  than  upon 
the  water-gauge  pressure;  and,  as  Mr.  Cochrane  had  said,  it  would  Ikj 
necessary  to  have  an  analysis  of  the  gases  in  the  goaf  so  as  to  ascertain 
the  fire-damp  pressure  there;  and  they  would  equally  require  to  know  the 
tension  of  fire-damp  in  the  galleries  of  the  mine.  They  could  not  expect 
the  gas-check  to  copy  or  simulate  exactly  the  changes  of  either  the  water- 
gauge  or  the  barometer,  but  only  the  changes  of  pressure  of  fire-dump  in 
the  mine  and  in  the  goaf.  Mr.  Mallard,  in  his  discussion  of  Mr.  Wood's 
paper,  had  shown  that  the  tension  of  fire-damp  in  the  coal  was  the  cause 
of  its  gas  pressure  quite  independently  of  any  atmospheric  pressure,  and 
the  amount  of  fire-damp  in  the  air  was  the  question  that  had  to  lie  closely 
investigated.  He  thought  that  Mr.  Wood's  experiments  were  especially 
valuable  as  they  had  shown  the  pressure  of  fire-damp  in  the  coal,  and 
how  gas  would  come  out  of  the  coal  itself,  by  using  gauges  iu  which  the 
interfering  effects  of  air  and  other  gases  were  excluded.  Still  there  was 
no  doubt  they  had  an  enormous  accumulation  of  matter  l>efore  them 
which  would  furnish  them  with  plentiful  results  for  further  experiment 
and  inquiry* 

Mr.  Hekby  Hall  (Inspector  of  Mines)  said,  that  at  the  former  dis- 
cussion on  Mr.  Wood's  paper  the  views  of  some  of  the  members  seemed 
to  1«  that  the  very  large  pressure  in  the  coal  was  due  to  a  column  of 
water,  and  that  the  amount  of  that  pressure  could  be  measured  by  the 
depth  of  the  pit.  But  this  seemed  to  l>e  connected  with  a  practical 
difficulty,  because  iu  Lancashire  for  instance,  in  the  deepest  seams, 
where  there  was  a  very  great  pressure  of  gas,  the  coal  was  perfectly 
dry  and  there  was  no  water  found  at  alb  Could  not  this  very  high  pres- 
sure l«  explained  from  the  fact  that,  when  the  coal  was  forming  and  decay 
was  taking  place,  and  perhaps  before  that  decay  was  complete,  some  im- 
permeable strata  were  placed  over  the  coal,  and  a  great  pressure  was  thus 
bottled  up  which  corresponded  to  that  found  in  the  coal  at  the  present 
time?  With  respect  to  the  volume  of  gas  issuing  from  the  coal  he 
thought  it  must  depend  on  the  nature  of  the  coah  They  found  that  in 
dangerous  seams  the  gas  comes  out  very  rapidly,  because  the  coal  was 
open  in  its  nature,  and  Mr.  Wood's  experiments  seemed  tu  show  that  the 
different  seams  varied  very  much  in  the  quantity  of  gas  given  out,  and 
that  the  dense  seams  appeared  to  give  out  the  least  amount  of  gas.  With 
regard  to  the  varying  pressure  which  the  gas  exerted  from  time  to  time, 
he  thought  it  would  be  found  to  be  due  to  a  varying  atmospheric  pressure. 
Tin -re  was  one  other  matter  which  he  should  like  to  mention.  Mr.  Wood 
had  told  them  that,  in  one  of  his  experiments,  two  feet  from  the  face  of 
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the  coal  there  was  something  like  54  11*.  of  pressure  on  the  square  inch. 
He  thought  it  was  very  important  to  consider  the  effect  of  common  shots 
or  blown-out  shots  under  circumstances  of  that  kind.  If  there  was  that 
immense  pressure  immediately  liehind  the  face  of  the  coal  there  must 
be  great  danger  if  any  vacuum  was  Bet  up  by  a  shot.  With  the  view  of 
testing  the  point  he  had  made  an  experiment  which  had  satisfied  him 
of  the  danger  he  referred  to.  The  experiment  consisted  of  firing  charges 
of  gunpowder  from  a  small  cannon  fixed  at  the  end  of  a  boiler  36  feet  long 
and  (  feet  diameter.  It  was  found  that  a  charge  of  half-a-pound  of 
powder  fired  in  this  way  showed,  by  Richard's  indicator,  a  vacuum  set  up 
inside  the  boiler  equal  to  from  2 £  to  3  lbs.  on  the  square  inch,  and  this 
vacuum  was  set  up  not  only  at  the  end  of  the  boiler  close  to  the  cannon, 
but  also  along  its  sides  towards  the  exit  ends.  That  was  a  very  impor- 
tant matter,  and  he  should  l*e  very  glad  if  some  of  the  members  would 
give  them  some  information  on  the  point. 

Mr.  Wood  said,  Mr.  Hall  had  thrown  out  the  suggestion  that  the 
pressure  due  to  a  column  of  water  should  have  1k?cu  added  to  the  experi- 
ments. Since  the  paper  had  been  read  and  prior  to  it  being  printed  that 
had  licen  dune,  and  the  result  was  given  is  Tabic  E,,  and  he  thought  it 
proved  that  there  was  no  connection  )>etween  the  pressure  that  was  showo  to 
exist  in  the  coal  and  the  pressure  due  to  a  column  of  water  the  height  of 
the  over-lying  strata.  In  the  experiment  at  Boldon  the  pressure  due  to  a 
column  of  water  was  549  lira.,  and  the  pressure  of  gas  varied  from  17  lbs* 
to  461  lbs.  He  quite  agreed  with  Mr.  Hall  that  the  extreme  pressure 
of  gas  in  the  coal  had  no  relation  with  the  variations  of  the  I taro metrical 
column  and  the  temperature,  hut  that  such  variations  were  most  likely 
due  to  the  formation  of  the  gases,  as  already  described,  and  not  to  any 
action  of  water,  as  the  scams  were  perfectly  dry.  As  to  the  pressure  tif 
the  barometer  l)eing  taken  at  the  same  time  as  the  pressure  of  the  gas  in 
the  holes,  he  submitted  that  was  the  proper  time  to  take  it,  and  not 
thirty-six  hours  before  or  after  the  variations  occurred*  It  showed  th« 
actual  pressure  and  the  barometrical  changes  at  the  same  time  as  the 
change  of  pressure  was  taking  place  in  the  bore-hole. 

Mr.  T.  W.  Dunning  thought  it  was  only  right  that  he  should  i»oiut 
out  the  fact  that  the  paper  showed  that  the  water-gauge  was  not  placed 
anywhere  near  where  the  gas-check  was  placed.  They  would  see  that 
the  gas  coming  out  in  the  gas-check  from  the  goaf,  where  there  wan  no 
fire,  was  ant  icipated  and  recorded  almost  at  the  same  time  by  the  water- 
gauge  in  the  oilier  part  of  t  tie  pit,  which  was  hermetically  sealed. 
Therefore  the  simultaneousncss  of  these  twn  readingi  vtus,  he  thought, 
on  that  account  very  significant. 
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Mr.  A.  L.  Sthavenson  said,  that  Mr.  Wood  had  oliserved  in  the 
concluding  remarks  to  his  paper  that  he  hoped  these  experiments  would  lead 
to  more  elaborate  research,  and  he  thought  he  would  forgive  him  (Mr.  S.) 
when  he  Raid  he  had  only  juBt  touched  the  fringe  of  the  subject.  It  was 
really  one  to  which  a  man  might  devote  his  whole  lifetime.  They  had 
to  consider  the  origin  of  gas  in  coal  as  well  as  the  conditions  under  which 
it  was  found,  and  he  would  suggest,  that  further  experiments  should  be 
made  to  elucidate  this  subject.  One  direction  of  the  research  might 
l*c  as  to  the  natural  flow  of  gas  from  the  face  of  the  strata  without 
boring  into  it.  In  Mr.  Wood's  experiments  it  apj>cared  that  the  face  of 
the  coal  was  covered  up  by  an  imjiervious  coating  of  cement.  That  was 
very  well  so  fur  as  it  went,  but  he  thought  the  natural  flow  of  gas  from 
the  face  might  he  1  letter  tested  by  going  up  to  some  hitch  where  a 
natural  harrier  was  found,  and  the  pressure  there  would  probably  be  much 
greater  than  where  there  was  an  artificial  covering  such  as  Mr.  Wood 
had  applied.  It  might  also  be  tested  by  stopping  a  passage  or  a  scries  of 
passages  in  the  coal  without  boring  into  the  coal  at  all.  Probably  by  closing 
up  some  of  the  drifts  and  measuring  they  would  get  more  accurately 
the  natural  flow  of  gas  from  the  face.  The  questions  raised  by  Mr.  Wood 
were  not  merely  connected  with  the  amount  of  gas  found  in  the  coal  itself, 
but  also  with  such  interesting  subjects  as  blowers  and  outbursts.  The 
outbursts  of  gas  were  much  more  prevalent  in  Yorkshire  than  in  Durham, 
but  he  did  not  think  that  the  pressure  was  higher  in  the  former  than  in 
the  latter  county.  He  believed  it  was  rather  to  be  accounted  for  from 
the  fact  that  in  Yorkshire  they  adopted  the  long- wall  system  of  working, 
whilst  in  Durham  they  practised  the  l>oard  and  pillar  Bystein*  Mr. 
Mallard  seemed  to  agree  with  that  view.  He  said — "In  mines  subject 
to  this  description  of  accident  it  would  be  most  desirable  to  drive  galleries 
deeply  into  the  solid  in  advance  of  the  working  face  and  to  make  frequent 
measurements  of  the  distribution  of  pressure,  so  as  to  check  the  advance 
of  the  workings  when  the  rate  of  the  increase  of  pressure  exceeded  a  certain 
limit.  This  would  Iks  perhaps  the  most  certain  means  of  preventing 
these  disastrous  accidents."  This  was  very  much  the  view  he  (Mr.  8.) 
enunciated  in  recommending  the  board  and  pillar  system  instead  of  the 
long-wall  to  prevent  these  sudden  outbursts.  Another  highly  important 
question  to  consider  was  as  to  whether  it  was  not  possible  to  render  prac- 
tically useful  the  large  amount  of  gas  which  had  been  shown  by  Mr. 
Wood  to  be  available  in  the  coal  itself.  Before  Mr.  Wood's  experiments 
they  never  realized  the  fact  that  the  gas  was  under  such  very  high 
pressure  ;  aud  it  wm  now  worthy  of*  consideration  whether  that  gas 
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could  not  be  collected  and  used  for  the  creation  of  mechanical  power  in 
the  same  W%J  as  fgti%  was  now  used  for  gas  engines.  He  pointed  out  that 
the  greatest-  quantity  of  water  waft  found  at  a  depth  of  100  fathoms,  aud 
he  was  inclined  to  think  with  Sir  George  Elliot,  that  the  greatest  quantity 
of  gas  would  also  be  found  at  that  depth.  He  had  very  great  pleasure  in 
recognising  the  value  of  Mr,  Wood's  contribution  to  their  volumes,  and 
he  hoped  the  experiments  made  by  Mr.  Corbett  and  Mr.  Wood  would  lead 
to  further  study  and  research,  especially  on  the  points  he  had  mentioned. 

Mr.  Cociuiaxe  considered  thin,  tin.'  suggested  extieriments  to  as- 
certain whether  the  gas  pressure  could  l>e  applied  for  the  creation  of 
mechanical  ]*ower  would  l>e  of  very  great  value.  He  should  like  to  ask 
Mr.  Bell,  who  was  a  gentleman  of  much  experience,  whether  the  carburetted 
hydrogen  gas  in  the  strata  was  capable  of  being  liquefied  or  solidified,  to 
account  for  such  extreme  pressures  as  were  to  be  found  in  outbursts? 

Mr.  Isaac  Lowthian  Bell  replied  that  it  would  either  be  in  a  state  of 
great  tension  as  a  gas  or  lie  in  the  form  of  liquid.  He  did  not  know  what 
amount  of  pressure  would  ki  required,  coupled  with  lowness  of  tempera- 
ture, to  produce  liquidity  of  the  hydro-carbons.  If  he  remembered  rightly, 
Mous.  Caillc*  had  stated  that  the  hydro-carljons  resisted  all  his  attempts  to 
reduce  them  to  the  liquid  state. 

Mr.  Cochrane  asked  Mr.  Wood  if  he  had  tried  the  length  of  time  at 
which  the  pressure  of  gas  became  exhausted? 

Mr.  Wood  replied  that  if  the  bore-hole  was  stopped  up  he  imagined 
that  the  gas  would  accumulate  until  the  pressure  came  to  its  original 
pressure  in  the  coal.  For  twenty- two  clays  there  did  not  seem  to  be  any 
decrease,  or  at  all  events  very  little  decrease. 


Mr.T,  VY\  Btnrimra  drew  the  attention  of  the  meeting  to  the  concluding 
remarks  in  Mr,  Mallard's  paper: — "Questions  as  to  the  mode  of  existence 
and  mode  of  disengagement  of  fire-damp  have  thus  acquired  a  solid 
foundation,  upon  which  further  experimenters  can  build  a  morn  perfect 
theory.  It  would  seem  that  the  most  useful  thing  to  do  now  is  to  deter- 
mine, by  experiments,  the  value  of  the  co-efficients  designated  by  the 
letters  kQ  and  a  fur  a  numl>er  of  mines;  that  is,  the  volume  of  gas  given 
off  per  unit  of  surface  at  the  face  at  any  time,  and  the  co-efficient  of  the 
permeability  of  the  coal  for  the  gas.  These  are  the  two  data  which 
constantly  regulate,  with  the  maximum  pressure  in  the  solid  coal,  the 
disengagement  of  gas,*'  If  these  \ joints  were  solved  with  anj  degn-e  of 
authority  it  would  throw  a  vast  light  on  the  quantity  of  gas  occurring  in 
different  pits  under  different  circumstances  aud  modes  of  working. 
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Professor  Hekschel  thought  it  would  also  be  desirable  to  determine 
the  Cii  pa  city  of  coal  for  gas  in  just  the  same  way  as  it  is  usual  to  detennine 
the  capacity  of  a  aul)etance  for  heat*  Mr.  Mallard  had  shown  so  clearly 
(at  page  125  of  the  translation  of  his  paper  in  these  Transactions,  and  in 
the  following  tables  of  figures,  in  which  the  results  of  Air.  Wood's  experi- 
ments were  discussed)  that  the  relations  of  gas-flow  and  pressure  in  a 
solid  face  of  coal  are  exactly  those  of  the  thermal  conduction  and  tempera- 
ture in  a  mass  of  unequally  hot  roek  or  other  substance,  that,  had  the 
simplicity  of  this  relation  occurred  to  him,  on  reading  the  translation  of  Mr. 
Mallard's  paper,  as  really  founded,  as  it  no  doubt  is,  in  a  natural  and  not 
merely  in  a  conjectural  resemblance  between  the  modes  of  occupation  of 
solid  bodies  by  gas  and  by  heat,  he  would  have  easily  devised,  and  would 
by  this  time  have  made,  some  experimental  measurements  iu  the  directions 
pointed  out  by  the  concluding  words  of  Mr.  Mallard's  paper.  A  deter- 
mination of  coal's  gas-capacity  or  co-efficient  of  absorption  for  fire-damp 
at  different  pressures  would  answer  Mr.  Oochranes  question  as  to  the 
state  in  which  the  gas  exists  in  the  coal  at  high  tensions  by  showing  what 
quantity  and  what  weight  of  gas  were  contained  in  a  given  bulk  of  coal  at 
a  given  gris  pressure  of  its  absorptive  fixation  or  confinement  there.  It 
was  a  point  not  mentioned  in  the  closing  paragraph  of  Mr,  Mallards 
paper,  winch,  like  the  other  data  which  he  mentions,  it  would  also  lie  of 
great  practical  importance  to  determine  experimentally  if  possible. 

The  Puerident  said,  the  time  had  now  arrived  to  close  the  discussion 
for  the  present,  and  be  begged  to  propose  a  vote  of  thanks  to  Mr. 
Corbet. t  and  Mr.  Wood  for  their  attendance  and  papers.  One  of  the 
chief  points  of  discussion  had  been  as  to  whether  they  were  to  depend 
upon  their  old  friend  the  barometer  to  give  them  warning  of  danger  iu 
time  for  safety.  To  a  very  great  extent  Mr.  Wood's  paper  seemed  to  have 
disposed  of  that  question  (is  far  as  regarded  the  pressure  of  gas  from  the 
solid  coal,  and  Mr,  Corltctt's  paper  as  far  as  the  pressure  of  gas  from  the 
goaf  was  concerned.  Mr.  Wood  had  advocated  the  finding,  if  possible, 
of  a  barometer  more  sensitive  than  one  of  mercury.  Such  a  one,  he 
believed,  was  in  use  at  the  Naworth  Collieries. 


The  meeting  was  then  adjourned  until  the  next  day,  and  the  members 
proceeded  by  special  train  to  inspect  the  works  belonging  to  the  Barrow 
Haematite  Steel  Company,  after  which  they  returned  to  the  Market  Hall 
where  they  were  entertained  at  luncheon  by  the  Directors  of  the  Company, 
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The  following  works  and  mines  were  thrown  open  to  the  members 
during  the  week : — 

The  Shipbuilding  and  Engineering  Works  belonging  to  the  Barrow 

Shipbuilding  Company. 
The  extensive  New  Docks  of  the  Furness  Railway  Company. 
The  Jnte  Works  of  the  Barrow  Flax  and  Jute  Company. 
The  Engineering  Works  of  Messrs.  Wcstray,  Copclund,  and  Company, 
The  Shipbuilding  Works  of  Messrs.  Caird,  Purdie,  and  Company. 
The  Steel  Wire  Works  of  Messrs.  Cookcs  and  Swinuerton. 
The  Iron  Works  of  the  North  Lonsdale  Iron  and  Steel  Company  at 
Ul  vers  ton. 

The  Boiler,  Bridge,  and  Girder  Works  of  M  essrs.  Wood  all,  Marley,  and 

Company. 

The  Foundry  and  Engineering  Works  of  Messrs.  Waddington  and 
Longbottom. 

The  Saw  Mills  and  Brick  Works  belonging  bo  the  Executors  of  the 

late  Mr.  William  Gradwell. 
The  North  Lancashire  Patent  Machine  Brick  and  Tile  Works  of  Messrs. 

B.  CaiTuthers  and  Company. 


PROCEEDINGS. 


ADJOURNED  GENERAL  MEETING,  JULY  Un,  1833.  IN  THE  TOWN 
HALL,  BARROW-IN-FURNESS, 


GEORGE  RAKER  FOKSTER,  Esq.,  jn  thk  Chair. 


The  memliera  assembled  at  ten  o'clock,  and  the  following  paper  was 
read : — 


THE  STRUCTURE  OF  THE  CUMBERLAND  COAL-FIELD. 


Br  J.  D.  KENDALL,  C.E.,  F.G.S. 


Although  tins  field  has  been  worked  extensively,  and  for  a  very  long 
time,  yet  comparatively  little  has  been  made  known  to  the  public  re- 
garding either  its  extent  or  the  number  and  the  nature  of  the  seama 
found  in  its  different  parts.  Mr.  Dunn's  Paper  "  On  the  Coal-fields  of 
Cumberland,"  printed  in  the  Transactions  of  this  Institute,*  is  the  most 
extensive  contribution  to  the  subject  that  has  yet  been  made ;  but  it  is 
only  short,  and  relates  more  especially  to  the  "  probability  of  coal  being 
found  under  the  New  Red  Sandstone  which  surrounds  the  city  of  Carlisle." 
A  little  information  is  also  given  in  "An  Account  of  the  Coal  Mines  near 
Whitehaven"  by  Joshua  Dixon,  but  it  extends  only  to  the  Whitehaven 
olliery.  The  dearth  of  available  information  generally  ia  fairly  shown  by 
the  meagre  notice  that  the  field  has  received  in  Hull's  *  Coal-fields  of 
Great  Britain,"  where  all  that  is  said  on  the  Cumberland  coal-field  occupies 
about  three  pages  only.  Not  merely  among  outsiders,  but  also  on  the 
•  Vol,  TUL,  pp.  Hi-154. 
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coal-field  itself  is  this  want  of  knowledge  felt,  so  that,  it  is  hoped,  tlie 
present  attempt  to  initiate  a  different  state  of  things  may  not  be  unac- 
ceptable to  the  members  of  this  Institute. 

POSITION  AND  EXTENT, 
A  few  years  ago  a  borehole  was  put  down  at  St,  Bees,  which  proved 
the  coal-field  to  exist  there,  but  it  has  not  yet  been  found  to  the  south  of 
that  place.  From  St,  Bees  northwards  to  Maryport,  the  Coal-measures 
may  be  said  to  extend  inland  for  an  average  distance  of  about  4^ 
miles.  They  also  lie  under  the  sea  between  those  points,  but  for  what 
distance  is  unknown,  although  at  Whitehaven  they  have  been  worked 
seaward  for  about  two  miles  fnun  the  coast.*  At  Maryport  the  coal-field, 
so  far  as  it  is  known,  leaves  the  coast  and  extends  inland,  its  northern 
boundary  passing  near  Aspatria  and  High  Blaithwaite,  in  the  parish  of 
Bolton,  In  passing  north-eastward  from  Maryport,  the  coal-field  becomes 
gradually  narrower  on  to  Gilerux,  where  it  is  only  I  j  miles  wide.  Thence 
widening  a  little  it  continues  in  nearly  a  straight  line  to  Bolton  New 
Houses.  There  the  field  for  practical  purposes  may  be  said  to  terrain 
for  although  the  Coal-measures  extend  to  Rose  Castle,  yet,  so  far  as  is  at 
present  known,  this  extension  does  not  contain  any  important  seam  of 
coal,  and  therefore  it  will  only  be  very  generally  dealt  with  in  this 
investigation.  The  extent  of  the  coal-field  is  known  only  approximately 
for  two  reasons:— 

1.  — Part  of  it  is  covered  by  the  sea,  and  cannot  therefore 

seen. 

2.  — Part  of  it  is  also  covered  by  Permian  rocks  of  such  a  thickness 

that  they  have  not  yet  l>ecn  pierced,  so  that  the  extent  of 
Coal-measures  under  those  rocks  is  at  present  a  matter  of 
mere  conjecture. 

The  area  of  that  portion  of  the  coal-field  which  is  known,  and  which 
lies  between  Bolton  Low  Houses  and  St.  Bees,  exclusive  of  the  coal 
under  the  sea,  is  about  01  square  miles,  its  length  being  about  28  miles, 
and  its  greatest  breadth  G  miles. 

RELATION  TO  OTHER  FORMATIONS. 
The  basement  rocks  of  the  district  are  of  the  Silurian  age,  and  they 
consist  of  two  formations: — 

1, — Volcanic  Series  of  Borrowdule. 
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These  Silurians  are  surmounted  transgrcssively  by  rocks  of  Carboni- 
ferous age,  which,  among  other  formations,  include  the  Coal-nicasures,  as 
1 1  iow  11  below. 

J, — Coal-measures.  I 


on  Silurians. 

These  three  formations,  with  the  exception  of  the  upper  part  of  the 
Coal-measures,  are  conformable  to  one  another. 

Overlying  the  Carboniferous  System  are  the  Perm  tans,  which  include 
three  formations: — 

h — St.  Bees  Sandstone,  } 


The  various  members  of  the  Permians  are  quite  conformable  to  one 
another,  but  they  are  unconformable  to  the  Carboniferous  rocks,  as  is 
shown  by  the  Breccia  at  different  times  reposing  upon  each  of  the  three 
members  of  the  Carboniferous  rocks* 

The  chief  features  of  all  these  rocks  were  described  by  the  author  in 
his  piper  "  On  the  Haematite  Deposits  of  West  Cumberland,"  published 
in  the  Transactions  of  the  Institute/  and  therefore  it  is  unnecessary  to 
notice  them  again  here. 

The  areas  occupied  by  each  of  these  systems  in  the  neidil>  ut  li<  M  nf 
the  coal-field  are  shown  in  Fig.  1,  Plate  XXXII.  Fig.  2  in  the  same  plate 
exhibits  a  generalized  section  through  the  district,  for  the  purpose  of 
making  clear  the  relations  of  the  three  rock  systems  to  one  another, 


The  position  of  the  Coal-measures  vertically  with  reference  to  other 
formations  being  established,  it  will  be  necessary  now  to  consider  some- 
what exhaustively  their  character  and  constitution. 

Naturally,  the  Coal-measures  nre  divisible  into  two  parts,  namely: — 

1 . — Whitehaven  Sandstone,  or  Upper  Coal-measures. 
Si, — Lower  Coal-measures  (reposing  on  Millstone  Grit). 

The  Whitehaven  Sandstone  is  unconformable  to  the  Lower  Coal- 
measures,  and  on  that  account  it  was  formerly  considered  to  belong  to 
the  Permians;  but  there  is  now  no  doubt  about  its  Curljonileroiiri  age. 
As  will  presently  appear,  it  contains  several  seams  of  coal,  some  of  which 
have  been  extensively  worked  in  different  parts  of  the  district. 


2.  — Millstone  Grit. 

3 .  — Carbon i  fe rous   L i  ines ton c, 


2.  — Maguesiau  Limestone. 

3,  — Breccia. 


STRATHS  KAl'HICAL  CONFORMATION. 
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To  arrive  at  a  correct  idea  of  the  relation  of  the  Whitehaven  Sand* 
Btone  to  the  Lower  Coal -measures,  it  is  necessary  to  correlate  the  seams 
oF  coal  found  in  these  hitter  measures  in  different  parte  of  the  district 
where  the  Whitehaven  Sandstone  occurs.  This  will  now  foe  done,  and, 
that  the  comparison  may  be  made  as  complete  ;ts  ]>ossible,  the  detailed 
results  of  a  number  of  sinkings  and  borings  in  various  parte  of  the 
district  will  be  given.  The  position  of  the  several  pits,  of  which  sections 
will  be  pi ren,  are  shown  in  Fig.  1,  Plate  XXX II. 

The  Lower  Coal-measures  consist  mainly  of  sandstone  and  shales, 
the  remainder  of  the  mass  being  made  up  of  coal  and  ironstone.  The 
prevailing  colours  of  the  sandstone  arc  white,  sometimes  streaked  with 
black,  and  bluish  grey.  The  shales  are  light  grey,  bluish  grey,  and 
black.  In  the  following  journals  there  are  a  number  of  local  Dames 
used,  which  it  may  be  well  to  explain  here,  as  otherwise  the  journals 
would  lose  much  of  their  value. 

Local  Name 3  of  AaorLLACsors  Hocks. 

Sill  or  thill  means  tire-clay .  The  word  thill  is  also  sometimes  applied 
to  the  floor  of  the  mine,  irrespective  of  the  kind  of  material 
occurring  below  a  coal  seam. 

Caumf  comb,  or  roam, — Sandy  shale*  When  the  word  "stone"  is 
used  in  conjunction  wit  h  any  of  these  words,  as  "  stone  comb*'  or 
"comb  stone,"  it  implies  a  degree  of  hardness  approaching  that 
of  sandstone. 

Metal  and  mciai  stone. — Shale;  the  latter  being  hard  and  stone-like. 

Tom. — Hard  bituminous  shale,  sometimes  sandy  and  micaceous, 
occurring  in  some  coal  seams,  and  having  occasionally  thin  layers 
of  coal  in  it.  The  use  of  this  word  is  restricted  to  Dearham, 
Maryport,  (ireysouthcn,  and  Broughton  Moor. 

Scram  —  Black  shale,  with  thin  layers  of  coal  running  through  it. 
It  occurs  at  the  bottom  of  some  of  the  coal  seams.  This 
expression  is  mostly  confined  to  the  same  district  as  "  Tom,** 

Cash.— Soft  black  shale  in  very  thin  small  pieces  lacking  coherence t 
can  be  crushed  between  the  fingers  into  a  j*>wden 

Rattler.  —A  very  bituminous  shale. 

Local  Names  or  S:  Lienor*  lioci;^ 
Post.— Sandstone,  usually  ban). 

Graj  fitds. — Whitish  sandstone  streaked  ami  spMcd  with  black. 


STRUCTURE  OF  THK  CUMBERLAND  COAL-FJELJX 


Suction  op  Wh inn  yhilij  Pit.  Cleator  Mooit, 


TMcktieM  Depth  I 
uf  each 


Bed  clay   

(travel  ami  water 
Rod  freestone,  jointy 

and  watery 
Freestone  sill*  red  and 

soft   

Coal  sill   

Hed  eamn   

Grey  freestone 
Blue  camn,  tinned  red 
1  i  rvv  metal  stone 
Red  eauiu 

Bfld  anil  bine  cauni  ... 
COAL    (1st),  three 

partings,  1  ft.  4  in, 

of  blue  metal 

Strong  grey  sill 
Grey  randed  stone 
COAL  (2nd) 

Dark  sill  

Dark  rand ed  stone  ... 
Black  metal  stone  M. 
Nhtck  cauin  ... 
Black  can  in  ,  catscope 

and  spar  ... 
COAL  (3rd) 

Strong  grey  sill 
White  freestone 
Dark  grey  freestone 
Bine  ennm  and  cats* 

cope  i% 
COAL  (4th) 


Sill   

Lijrht  eamn  . . . 
COAL  (5th) 

Kill   

Handed  canin 
COAL    (Gth)  - 
*eet  Band  „. 


F«. 

Ft 

In 

13 

0 

4 

4 

0 

15 

4 

0 

2 

0 

I 

Q 

0 

a 

0 

:j 

8 

IP 

2 

1 1 

0 

4 

0 

2 

0 

2 

6 

II 

1 

(i 

(J 

0 

5 

0 

0 

5 

l> 

0 

2 

2 

0 

4 

1; 

0 

5 

2 

8 

a 

0 

1 

2 

7 

0 

0 

5 

0 

1 

5 

a  l  fiirt. 
Fa.  Ft,  la. 


JU  4  0 


2    0  2 


2  1 


...  ] 

0 

LP 

...  0 

1 

1 

...  1 

1 

0 

...  0 

4 

0 

...  0 

0 

8 

0 

0 

6 

...  5 

8 

0 

Six- 

...  1 

0 

i 

—    8   3  6 


Stone  sill 

Handed  rmjui,  dark, 
with  little  freestone 
Handed  caum 
(.'anil  and  cataenpes  ... 
COAL  (7th)— /W- 
feet  Band  


Thick nc*a  Depth  Ooal 

of  each  BeauiJ  uro 

Stratum.  ai>rvrt- 

Fi,  FV  In.  K«.  Pi,  In. 
U    3  U 

4  0  0 
0  3  0 
U    1  3 


0    4  5 


I   g  8 


Sill   

0 

1 

0 

White  freestone,  soft 

parting   

1 

0 

0 

Dark  ennm 

0 

8 

0 

COAL  (sth) 

Q 

0 

1* 

Dark  can  in  ... 

4 

2 

0 

Black  metal 

8 

0 

8 

Strong  red  eauui 

2 

:t 

10 

COAL  <9th)— JVre- 

fiet  Band  ... 

1 

0 

0 

—  9 

Coal  metal   

0 

3 

0 

COAL(lOtU) 

0 

a 

4 

SiH   

0 

♦3 

Cflinn,  upper  part  rau- 

ded 

8 

8 

0 

White  freestone 

1 

N 

0 

Catim,.. 

i? 

1 

0 

R at tier   

0 

0 

6 

COAL  (lHh)-J?a«- 

nock  Band 

1 

2 

4 

4  7* 


6    5  8 


Sill   

C»ah  

COAL  (12th) 


1  0  0 
0  1  0 
8   1  0 


I   2  0 


Sill  and  caum  ...  0  2  0 
Camn,  with  white  free* 

stone        ...        ...  I  2  0 

Freestone     ...       ..,14  0  0 

Grev  metal   0  5  U 

COAL  (13th)  Main 

Band    13  0 


-18    0  0 


Section  uklow  Main  Band,  No.  2  Pit,  Cleatoii  M0011. 


COAL— Main  Band 

sal  

White  post  

Shales,  with  thin  iron* 

stone 
COAL 

sill   

Ironstone 

Shalea   

Ironstone   


Fi  Ft.  In.  Fi.  Ft  In, 
1    2  9 

0  6  0 
0    4  0 


5  (3 

0  .; 

1  0 
0  2 
5  0 
0  3 


Brought  forward 
Shales 

COAL,  eoa  rsc  can  nel 


Shales 

Mussel  band 

Ironstone 

Shalea 

Ironstone 

Shales 

Ironstone 


F».  Ft.  in.  Fa,  Ft.  In, 

5  3  11 

1  1  I 

0  1  10 


8 
2 

f 

0 


7  0  11 


Carried  fnrwanl    3    3  11 


Carried  fur  ward    I  I 


82! 
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Sbctio>'  he  low  Main  Hand,  No.  2  Pit,  Clbatob  Moon.— Continued. 


brought  forward 

Shales   

COAL—  Yard  Band 

Sill   

Canm 
COAL 

Soft  metal 

COAL,  bud 

Sill 

Can  in  metal 

COAL   

Hunt  sill   

Dark  freestone 
Handed  freestone  ... 
White  fl'—ltOPa 
COAL   . 


m 

Dark  freestone 
Canm 
Uattler 
COAL 


Thlckm'n*  m<frth  Coal 

m  o«cb  Swuhj  am 

Klratmu  apart 

Fi.  Ft  In.  Fi.  Ft.  In. 
I    1  4£ 
0   0  10 
0    3  0 


2  3 

0  t\ 

5  1 

5  0 


2   3  10 


4  6 
1  4 


0  3  .2 

3  0  0 

2  2  0 

0  n  H 

0  2  4 


3    1  0 


8   2  8 


6   2  0 


Sill   

Handed  cnum  metal 
COAL,  cnunel 
COAL,  bad 
COAL,  eaunel  ... 

Soft  metal  

COAL 

sill   

Handed  canm 

Canm  metal... 
COAL   

sm   

Can  in  metal  

JJhsck  metal 
COAL   

CJrey  ahale  

Ihirk  metal ... 

COAL— Low  Bot- 
tom Band 
7  utt  rfrrs  at  White- 
haven) ... 


ti  mm 


Ft.  la.  F\ 

0  4  6 

2  4  8 

0  1  0 

0  18 

0  0  II 

0  0  7 


0  1  6 

0  3  15 

3  I  0 

0  0  10 

0  1  0 

U  1  10 

0  2  6 

0  3  C 

0  6  0 

0  1  U 

0  2  6 


0   3  0 


4    £  10 


1  1 


Section  of  Cboft  Pit,  Whitish  a  vet*,  above  Hassock  Hand, 


Soil  ,  

Soil  and  cluy  mixed  ... 

Hlack  aill   

Urown  soft  limes tonci 
resembling  atono 
marl  in  irregular 
§t  rata        ...  ... 

Dark  coloured  lime* 
stone,  harder 

Yellow  id i  limestone, 
mixed  with  s|iar 

Keddiah  hard  lime- 
stone 

Reddixh  hard  lime- 
■toue.  with  liner 
particles  ,m. 

Hard,  dark -coloured 
limestone  ♦ 

Yellowish  limestone, 
mixed  with  §par 

Soft  brown  limestone 

Soft  brown  and  yellow 
limestone,  mixed 
with  freestone  ... 

Limestone,  mixed  with 
yellow  freestone  .  . 

Jteddi*h  soft  freestone 

lied  slate,  striated  with 
freestone  in  thin 
Ujeta   


Ft  Iu 

0 

1 

3 

0 

4 

9 

0 

I 

0 

1 

3 

o 

1 

0 

0 

Q 

4 

0 

0 

2 

0 

0 

1 

6 

0 

i 

4 

o 

4 

0 

0 

4 

2 

0 

2 

6 

0 

2 

0 

0 

1 

6 

2 

8 

IV 

PI 

In 

7 

5 

o 

7 

0 

6 

0 

0 

lied  freestone 
Soft  red  slate 
Red    nlate,  striated 

with  red  freestone  in 

tbin  layers,,. 
Red  *late,  striated  witb 

freestone  ... 
Strong  red  freestone, 

rather  greyish 
Lumpy  red  freestone, 

speckled  with  white 

frees*  one   

Ulno  argil  laccou*  schis* 

tus.  sjtockled  with 

coal  ... 
lied  soapv  *laU 
Mack   slate,  with  a 

small  appearance  of 

coal  under  it 
Ash  -  coloured  friable 

argillaceous  schisttis  0  4  0 
Puqde  coloured  slate, 

striateil  with  free- 

lion 

The  nanus  ai 
black  slate 
COAL 


4  1  0 
4  3  0 
4   5  9 


0   0  9 


0  t)  o 
2    I  0 


3 

3 

2 

under 

Mi  0 

1 

o 

Q 

i 

3tf   i  o 
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Section  of^Croft  Pit,  Whitehaven,  avotjc  Bannock  Band.— Continued. 


Soft  whitish  freestone 
Blackish  slate,  a  little 
inclined  to  brown... 
COAL 

Blackish  slate,  inter- 
mixed with  coat 

Whitish  freestone  ... 

Strung  bluish  slate, 
mixed  with  grey 
freestone  ... 

White  ironstone 

F  recsb  x  le  jst  ri  ft  ted  w  i  t  h 
blue  slate  .,. 

Freest .one, striated  with 
blue  slate  in  thin 
foyers 

Dark  blue  slate 

COAL   

Dark  grey  shite 

COAL,  "with  slate  1 
iueb  thick 

Grey  freestone,  mixed 

with  ironstone 
Hftrd  white  freestone 
COAL   

Shale,  mixed  with  free- 
stone 

Olive  -  coloured  shite, 
ndliering  to  black  .„ 
COAL  

Black  shale,  mixed  with 

freestone 
White  freestoue.  mixed 

with  slate  . .. 
Dark  blue  slate 
COAL 

Blaek  shale,  mixed  with 

freestone  

Strong  white  freestone 
IJruwn  ironstone 
Dark  grey  slate 
Dark  grey  shale,  with 

an  intermixture  of 

coal    about    5  in. 

thick   

Light  -  eobmred  shite, 

mixed  with  freestone 
Blue    slate,  striated 

with  freestone 
Strong  w  bite  f  reestone, 

ft  Little  tinged  with 

iron 

Very  black  a  hi  very  slate 
COAL,    strong  and 
of  good  quality  ... 


ThickncM  Depth  Cool 

of  each  be&init  otv 

Htrutum.  itwt, 

1  11  In  F«  Ft.  Id. 
1    4  2 


0 

■1.  11 

U 

1 

lu 

o 

c 

1 

L> 

c 

0 

3 

0 

0 

1 

0 

0 

1 

8 

1 

3 

3 

2 

1 

e 

0 

0 

9 

2 

8 

8 

0 

■ 

0 

2 

0 

2 

;i 

0 

0 

i 

1 

1 

2 

a 

0 

2 

4 

0 

1 

1 

1 

ij 

o 

] 

1! 

0 

3 

1 

4 

0 

1 

3 

1 

1 

6 

1 

0 

0 

0 

3 

D 

1 

0 

0 

0 

5 

1 

0 

5 

6 

1 

4 

o 

0 

2 

6 

1 

4 

3 

0 

0 

4 

f, 

I 

7 

4  11 


9   3  10 


—  407 


1    5  5 


6   4  3 


Brought  forward 
Soft  grey  state 
COAL,'  very  black, 

burns  well ... 
Hard  Mark  shale 
COAL,  mixed  with 

pyrites   

Argillaceous  schist  us, 
grey  and  brittle    . .. 

Blue  rough  argilla- 
ceous schist  us 

Fine  blue  shite 

Freestone,  mixed  with 
ironstone 

Black  shivery  slate  ... 

Dark  blue  ulntc,  verv 
tine 

Dark  blue  slate,  very 

brittle   

COAL   


of  end  fceaiua  uv 
Htratuju.  »L«urt, 

Fs.  Ft.  In  Fi.  Ft.  Ia. 
9    2  7 
0    0  3 


0  12 


10   0  3 


0 

3 

0* 

0 

4 

n 

a 

3 

0 

o 

3 

0 

i 

B 

0 

0 

5 

G 

0 

0 

G 

0 

2 

0 

Soft  grey  argillaceous 

schistus  »«.  ...  0  0  6 
Argillaceous  schist  tis, 

mixed    with  free- 
stone   0    2  0 

White  freestone,  with 

fine  raifjflfal  1    1  0 

Blue    slate,  striated 

with  white  freestone  047 
Light  blue  slate,  verv 

Hue  ...  0    3  0 

Blue    slate,   a  little 

mixed  with  ironstone  2  0  0 
Blaek  shivery  slate        0  10 

COAL       *   0   0  f! 

Brownish  bard  slate...  13  0 
Strong  blue  slate  tinged 

with  ironstone  ♦  4  4  6 
Dark  blue  slate,  rather 

inclined   to  brown 

and  brittle  .  ,016 
Blue  soft  brittle  slate   0  0 
COAL        .„  0 

Lightish  grey  argilla- 
ceous &chi*t  ns, brittle 
and  soapy  „<       ...   0   4  0 

Freestone,  striated  with 
blue  slate   110 

Fine  blue  argillaceous 
schistus,  striated 
with  white  freestone    0    4  0 

Blaek  slate,  with  hard, 
sharp  and  fine  par- 
ticles   0    3  0 

Blue  slate,  light  and 

fine  4   3  0 

COAL  —  Bannock 

Band    0    5  4 


4    4  0 


11    5  1 


8   2  4 
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Section*  below  Hassock  Band,  Wellington  Pit,  Whitkhatbsp. 


COAL   -  Bannocl' 
Hand 

Sill  ...   

Caiiui  metal  . .. 
Handed  cuinii 
Po»t,     randed  with 
camn 

COAL  Main  Bund 


Ft  Ft  lu. 

sm  ...  0  2  0 
Cuuin  mehit    3    3  0 


Thickness  Depth  C'r>rvl 
or  each  Swuns  are 
Stratum.  apart. 

Fit.  Ft-  In.  F».  Ft.  In. 


—  3 

6 

0 

Soft  metal  ... 

...  0 

1 

1 

COAL,  little 

0 

0 

s 

Hard  dark  »ill 

...  0 

2 

3 

Haiidi  .:  canin 

>„  1 

4 

0 

COAL,  canncl 

M  0 

s 

6 

Soft  fpWJ  ahnia 

„  0 

0  2 

Can  in  ,M 

1 

I  1 

COAL,  cunnel 

„  0 

0  :> 

Stmng  sill  ... 

0 

I  7 

Freestone 

m  0 

5  t 

Ganm... 

M  1 

4  2 

COAL,  little 

0 

0  8 

Hill   , 

..  0 

0  10 

Camn  

1 

5  6 

Metal  

M  0 

n  in 

COAL  and  thill  . 

..  0 

2  8 

Hard  «U1  ... 

«  0 

1  4 

Camn  . , 

„  2 

3  0 

COAL 

0 

o  a 

Bflfl  metal 

0 

1  9 

COAL,  had  .. 

..  0 

0  11 

Sill  

..  0 

2  2 

Can  in  

1 

4  2 

COAL 

>.  0 

0  B 

Hard  Kill 

M  0 

i 

Dark  freestone 

1 

5  0 

Handed  cau t n 

2 

1  10 

White  freestone 

0 

4  0 

COAL  and  thill 

pp  0 

1  2 

0   8  5 


2   3  0 

4   0  0 

ti    4  0 

7    0  0 

0  10  7 


21    5  7 


G  2 


G    5  3 


11    I  1 


frlftfritl 

Dark  freestone 
Ciiinn... 
Hauler 
COAL 


Hani  sill  ... 
Handed  eatim 
COAL,  can n el 
COAL,  bad... 
COAL,  caimcl 
Soft  metal  ... 
COAL 


Metal.  

Soft  sill   

Handed  canm  and  cat* - 

copes 
Ironstone 
Kanded  can  in 
COAL 

sui   

Black  can  in  metal  ... 
I  rmiMtoue 

Blnck  cautn  metal  .  . 
COAL 


Dark  metal 
Soft  ^rey  shale 
Dark  metal  ... 
COAL— .Si j*  q  rter* 
Band 


Metal  , 
Sill  ... 
COAL 

Siift  gm  shale 

Sill   

Handed  eaum 
Soft  ffia-v  *hale 
COAL* 

Handed  eanm 


F*  Ft.  In. 

0  3  2 

3  O  O 

2  2  O 

0  O  6 

0  2  O 


G  1 


0  4  6 

2  4  8 

0  10 

0  1  It 

o  on 

0  O  7 

0  1  i 


4  2 


1  o 

0  10 

1  o 
i  a 


4  2 


SltKLKTON  SECTIOX  Of  BOREHOLE 
lit' LOW 


ITT  HO  WN  FN  WnLLINOTON  PlT.  Wll  (TIC If  AT 

SixajrAiiTERfl  Coal. 


Ft  Ft  In  Fa.  rt  In. 

C  O  A  L — Sir-q  h  a  rtr  rn 

COAL  win  0    I    0  L'i    n  n 


COAL  mm 

COAL  -<  iim 


Fa  FA 
0  I 
0  3 


lnPllVIl 

3   S   0  O 

S  27   0  O 
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827 


Skeleton  Section  ov  Seams  as  determined  by  John  Pit.  Harrington. 


COAL— Metal  Band 
COAL— Twofeet  ... 

coal— rw/*w 

COAL— Four-feet  ... 


ThickncM  Depth  Ood 
of  each    tieams  are 
Stratum,  apart, 
F».  Ft  In.  Pi.  Ft  In. 
0    1  8 

0  1  10  15  0  0 
0  2  8  17  0  0 
0  8  41$  0  1 


COAL—  Udale  or 
Five-feet  

Carboniferous  lime* 
atone  (top of )  30  f ma. 
below  Udale  Seam. 


Thick  new  Depth  Otttl 
of  each     Hoams  ut 
.Stratum,  apart. 
Fi.  Ft.  In.  F».  Ft.  In. 

0    |    0  28    0  0 


Tlii*  pit  panned  through  a  large  fault  below  the  three-feet  coal  as  shown  on  Section  1, 
Plate  111,,  but  the  above  section  wh.h  arrived  at  by  making  allowance  for  tins  fault. 
The  actual  depth  to  the  top  of  the  limestone  in  the  shaft  was  100  fathoms,  and  the  total 
depth  of  the  pit  1 10  fathoms. 


Section  of  John  Pit,  Workington,  to  Main  Band. 


H 

m 

It, 

Fi. 

n. 

Gravel 

5 

0 

II 

Hard  clay,  mixed  with 

stone   

3 

5 

o 

Soft  metal  ... 

1 

1 

0 

COAL,  soft.,. 

0 

o 

4 

Sill  und  soft  metal  ... 

1 

i 

8 

Stone  comb,  with  thm 

beds  of  stone 

3 

2 

0 

Blue  metal  ... 

1 

2 

3 

COAL,  hard  III  Ml) 

Q 

I 

e 

B 

Hard  stone  sill       .  . 

0 

■1 

a 

Stone  canm  ... 

'L« 

3 

(i 

Very  bluek  metal  ... 

0 

4 

0 

COAL—  Brassy  Baud 

0 

8 

0 

n 

2 

Sill   

0 

a 

0 

Stone  caum,  with  some 

beds  of  stone 

to 

6 

8 

COAL  -  Can  net  Band 

0 

3 

1 

12 

u 

Stone  caum,  with  blue 

metal 

7 

B 

B 

COAL— Metal  Band 

u 

i 

i 

8  10 


Ik 

Ft 

In. 

Strong  blue  caum 
COAL— Fiery  Band 

0 

1 

0 

0 

1 

<s 

Strong  blue  caum 

8 

I 

0 

Banded  stone 

0 

3 

0 

Bine  caum 

0 

I 

0 

C  O  A  L— Moo  r  Ba  n  ks 

Band   

0 

2 

6 

Blue  caum  ■ 

4 

1 

6 

COAL— Little  Mat* 

Band   

0 

1 

B 

Stone  caum,  with  stone 

beds 

17 

| 

0 

Strong    liard  brown 

stone 

2 

3 

0 

COAL 

0 

0 

4 

Stone  caum,  with  stone 

4 

3 

8 

White  stone  .,♦ 

2 

0 

0 

White   stone,  miied 

with  coal  pipes  (po* 

sition  of  Main  Band) 

0 

3 

0 

Fi.  Ft,  In. 

6   6  6 

4    5  6 

4    3  0 


27    3  0 


Section  of  Henry  Pjt,  Workington,  Bblow  Main  Band. 


Fs.  Ft.  la. 

F».  Ft  In. 

Ft. 

Ft. 

in. 

COAL— Main  Band 

1    4  0 

Brought  forward 

7 

1 

0 

Sill   t 

2 

3 

Stone... 

1 

0 

0 

Stone,.. 

3 

0 

Metal  

2 

0 

0 

COAL 

0 

0 

<; 

COAL  and  metal  ... 

0 

! 

6 

5    0  6 

Sill   

1 

0 

0 

Sill   

0 

r> 

u 

Stone  , 

1 

3 

o 

White  atone  ... 

I 

l 

u 

Metalline,  or  caum  ... 

4 

0 

Metalline,    or  caum. 

Stone  

I 

3 

0 

with  stone  beds  ... 

10 

Q 

0 

Metalline   

8 

B 

COAL,  clean 

0 

l 

6 

Carried  forward 

7 

1 

0 

12    1  6 
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STRUCTURE  OF  THE  CUMBERLAND  COAL-FIELD. 


SECTION  of  Hrnbt  Pit,  WoRKrXGTOV,  bki.ow  Mais  Bavp.— Continued. 


Thick  iieftii  Dentil  Co»l 
of  each  ttfanin  we 
Stratum. 


Fi.  Ft.  In. 


Blue  metalline. 

or  sill 

I 

0 

0 

Blue  metalline. 

with 

tads  <lf  stollC 

6 

• 

0 

Black  metal  . .. 

ip 

2 

6 

COAL  Yanl 

BfTHd 

2 

8 

Sill   

1 

1 

Bliick  metalline 

3 

n 

COAL 

0 

! 

3 

Fs   Ft  Efc 


B    1  2 


3  a  3 


TbicktieMft  Depth 

of  cadi  fTraiii  i 

Stmtrcru.  «i«ri 

F»  Ft  In.  Fk  Ft  I 

0  4  0 
0  0  10 
0    5  0 


Sill  ...   

COAL 

Stone   

Stone  mot nl lino,  or 

can  in   10    3  0 

COAL  —  Hamilton 

Bfind    0    2  0 


12  3 


Section  of  Mti.lbaxk  ptT,  tiuRvsorTiiRv,  nnrgn  Tn?c.Qr  amfrs  asd 
Casket  H  a  so. 


COAL — Ten-q  ua  rte  r» 
Sill,  very  f«U  of  black 

stripe*    0  4  0 

Soft  parting   0  0  2 

Hard  parting-  0  0-1 

Freestone    0  10 

lutings    0  0  6 

Freestone    0  2  0 

Blue  «11    0  3  0 

Ironstone  and  catacope 

ted   0  0  2 

Bine,  nil],  or  more  of 

the  nature  of  soapy 

grey  bed*  ...       ...    1    4  fi 

Catscopebeds  ...  0  0  2 
Bine  rill,  or  more  of 

the  nature  of  soapy 

grey  bedi  ...       ...    0  0  6 

Soft  parting  of  a  dark 

colour    0   0  G 

Black  Hill    0   0  ]0 

Rattler  I  nattier  JO  0  8 
COAL  f      Band     )0  14 


Ft.  In.  Fi.  Ft  In. 

O     1  \) 


SM,  full  of  black  stripes 

White  comb  

Catscope  bed  . . 
Frecitone  three -poster 
Comb  and  freestone 

miied 
Parting  soft  sill 
Blaek  metal  resembling 

slate 
COAL 

Sill   

Cntacopc  bed  

Black  metal  resembling 
can  n  el 

COAL   

Sill  and  nine  metal 

Hard  freestone,  or 
iron«tonc.or  bastard 
limestone  


0    1  0 


Brought  forward 
Strong  grey  metal  ... 
Strung  dark  inetal  „. 
lire j  ir.ctal,  with  free- 
stone 

Blue  metal,  muni  w  ith 
catscope  ... 

White  comb  

Cat  scope   

Grey  beds   

Black  metal  and  stone 
Comb  and  catscope  . , . 

Comb  . .   

Catscope 
Comb... 
Rough  metal 
COAL,  good  quality 
Black  state  ... 
Can  net    and  Metal 
Band— 
COAL,  good  pi.  in. 
quality    ...  14 


in. 


Metal 
COAL, 
f erior 
Metal 

COAL,  in. 

f erior 
Metal 

COAL,  good 

quality 
Canuel 
Bine  Tom  ... 
COAL,  good 

quality  ... 


Sill  ... 
Girdle  beds 


Comb 


0  11 


F*  Ft  In 

t; 

2  11 

1 

:t 

0 

0 

0 

a 

1 

1 

0 

o 

3 

0 

0 

8 

0 

0 

0 

fi 

1 

4 

0 

0 

\ 

" 

o 

1 

1 

0 

1 

4 

0 

Q 

1 

J2 

:» 

4 

0 

2 

n 

0 

4 

0 

4 

0  6  10 

0  2  0 

0  6  0 

0  2  0 

1  6  0 


19 


3  2 
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STRUCTURE  OF  THE  CUMBERLAND  COAt.-KIEU). 


320 


SECTION  Olr  BmStM  BBLOW  C'ANNKL  RaSU,  GhXYSOVIUKN* 


COAL-  Cannel 
Band   

win  

Grey  beds 
Stone 

Comb  metal 
COAL 

Grvy  bed*  ... 

StOIH' 

Comb  metal 
Battler  mid  coal  ... 

em  

Grey  beds  ... 
Soapy  metal 


Mill  

Grey  beds  ... 
l*artiTi(ar 
(trey  bods  ... 
Comb  metal 
Chtacnpc  bed 
Comb  metal 
Parting 
Grey  beds 
Comb  metal 
Grey  beda  ... 
Comb  metal 
(trey  bed* 
Comb  metal 
Parting 
Comb  metal 
Soapy  metal 
Dark  metal ... 
l*arting 
Light  metal 
Black  jmrting 
Fine  metal  ... 
COAL  ... 
Grey  beds  ... 
Stone 
Parting 
Stone 
Parting 
Stone 
Parting 
Stone 
Parting 
White  stone 
Parting 

White  freestone 
Grey  beds  ... 
Parting 


>>t  each    8euD«  are 
Stratum,  apart. 
Ik.  It  In.  F*.  Ft.  In. 


0 

4 

7 

1 

8 

0 

0 

i 

0 

4 

0 

0 

rt 

4 

11 

1 

(1 

0 

0 

7 

1 

I 

5 

0 

0  11 

0 

1 

2 

1 

| 

1 1 

1 

2 

ft 

0 

1 

It) 

0 

3 

0 

4 

2 

0 

1 1 

-j 

10 

1 

4 

0 

0 

i 

0 

0 

n 

V 

u 

1 

U 

i 

0 

0 

l 

8 

] 

9 

0 

5 

0 

5 

7 

0 

5 

8 

0 

2 

D 

5 

4 

| 

:t 

0 

0 

4 

0 

0 

0 

2 

0 

i 

(0 

0 

[J 

8 

u 

o 

6 

t> 

U 

10 

(i 

4 

<> 

0 

3 

o 

a 

]  l 

0 

i) 

1 

II 

i 

10 

0 

0 

n 

n 

ii 

2 

l> 

3 

8 

0 

4 

0 

I 

$ 

10 

0 

0 

1 

15 

1 

Thick  lien*  Depth  t."o»| 

of  etch  Bi-um*  urn 

fttmtum.  mivftrt- 

Fh.  Ft,  In.  |fc  Ft.  In. 


Brought  forward  15 

1 

6 

Hani  stone  ... 

0 

0 

&t 

Parti  n  tr 

o 

0 

H 

Comb  metal 

0 

8 

0 

Dark  metal... 

0 

1 

tf 

Catneopo   , 

0 

I 

ft 

Dark  comb 

0 

0 

7 

Battler   

0 

0 

4 

COAL— LiitteMaiH 

Band   

0 

2 

0 
—  1 

Sill  

o 

Comb  metal 

1 

4 

Black     metal  and 

0 

0 

9 

Comb  metal 

Q 

Grey  beds  ... 

0 

| 

1 

Hard  atone  ... 

0 

7 

Comb  metal 

0 

7 

Black  jmrttng 

0 

0 

Comb  metal 

1 

2 

3 

Girdle  beds 

0 

S 

4 

Fine  comb  metal  ... 

0 

0 

9 

COAL  ... 

0 

1 

8 

Black  metal 

Brown  sill  

Stone   

Parting   

Stone 

Girdle  IhhIs  

White  stone 

Parting   

White  stone 
Parting      .„  ... 
W  hite  atone 
Strong  comb 
Hard  stone 
White  |*»t  .. 
Piuting 

Hani  atone,  Imjwii 
cast   

Parting 

Brown  stone 

Parting   

Stone   

Parting   ♦ 

Hani  atone,  very 
white  ,., 

Parting   

Dark  QtmA 

COAL  — Zu*W* 
Seam  „, 


17   5  2 


0 

a 

s 

0 

- 

8 

o 

1 

0 

0 

3 

11 

0 

3 

1 

1 

0 

9 

U 

;i 

ti 

8 

0 

0 

0 

8 

0 

i 

8 

o 

8 

i\ 

5 

0 

0 

1 

0 

ft 

11 

Q 

1 

4 

Q 

5 

0 

5   4  7 
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STRUCTURE  OF  THE  OUMBKULAND  COAL  FIELD. 


Section  of  Henry  Pit,  Hroighton  Moob,  between  Tex  Quart* ami 

Cavvel  Band, 


COAL—  TVji  -  q  uarte  r* 
81U   

Qmw.m   

Bine  metal  ... 
COAL—  Raftier 
Seam 

sm   

COAL  and  metal  ... 


Ore j  bed* 
Fine  metal 


Thickness  Depth  Cool 
of  each  Semius  ure 
{Stratum-  spurt. 

Fs,  Ft  Iu 
1     0  8 


4    0  6 


Fs. 

Ft. 

In. 

0 

4 

o 

1 

2 

a 

1 

4 

2 

t 

2 

4 

0 

| 

6 

0 

2 

0 

3 

0 

:i 

2 

6 

7 

& 

r> 

10 

0    4  fi 


Brought  forward 

Stone  ♦  . 

Main  Stone  ,.. 

Blaek  metal  

COAL    Crow  Band 

Bl ack  metal  

COAL-AfefWJ?W 

Bine  metal   

COAL  —  Ua*ntUland 


Section  of  Bebtha  Pit,  Buoitghtojt  Moor,  below  tiii  Canxei*  Band, 

Fs  Ft  ItL  Fs.  Ft.  In.  Fs  Ft  In.  Fa.  FV 


COAL^  r  a  unci 

Band   

Grey  sill 
Orev  metal ... 

White  post  

Grey  metal ... 

Grey  post   ...  M« 

Grey  metal  • 

Rattler   

Orey  poet  ,  

Grey  metal  * 

Ymt   

Blue  metal  ... 
COAL    Yard  Seam 

Sill  

Grey  bed*  ... 
Blue  metal  ... 
Ironstone  baud 

Blue  metal  

Grey  bed*  

Blue  metal  . .. 
COAL  ... 

Sill  

Grey  bed*  ...  «M 
IromnVmt;  nodules  ... 
Grey  bed*  ... 
Black  metal 
Grey  bed*  ... 
Light  hi  tie  metal  ... 
Brown  ibme 
Grey  bcdi  .t. 
Blue  metal  ... 
COAL— LittU  Main 

8111  

Bine  metal  and  iron- 

« tone  girdle* 
Light  metal 


1 

1* 

II 

I 

0 

0 

1 

s 

0 

1 

lu 

0 

1 

2 

0 

1 

0 

1) 

1 

0 

o 

2 

«i 

0 

2 

0 

0 

S 

1H 

3 

1 

11 

0 

s 

0 

0 

2 

3 

1 

1 

2 

1 

2 

1- 

0 

6 

:i 

0 

1 

7 

3 

2 

0 

0 

V* 

0 

1 

0 

0 

2 

6 

0 

1 

6 

0 

0 

6 

0 

1 

6 

1 

0 

0 

0 

4 

6 

1 

0 

n 

0 

1 

0 

2  in 

* 

1 

0 

■I 

0 

2 

6 

2 

o 

e 

0 

0 

6 

2 

<i 

6    4  1 


4    5  9 


6    5  9 


10   0  3 


Brought  forward  2    3  6 
Hlaek  metal         ...    0   0  »} 
Ft.  In. 

Rattler    ...    0  24 
COAL        I  # 
Metal     ...    1  0 
COAL         0  4 

  0   2  10$ 


Cuttey  till  .„ 

0 

1 

0 

Bine  metal ... 

a 

2 

0 

COAL   

0 

1 

Ji 

Broivti  sill 

0 

2 

Freestone  *ill 

n 

3 

0 

Black  stone  coal  ... 

0 

0 

(i 

Black  atone  will 

0 

1 

S 

(trey  beds  ... 

I 

4 

H 

Strong  bine  metal 

0 

s 

<f 

Strong    light  free- 

stone and  grey  beds 

0 

ft 

0 

Blue  metal 

n 

:t 

0 

White  freestone  beds 

0 

2 

0 

Blue  metal  . , 

0 

i 

0 

Ft  In. 

ltattler    .,.    1  l) 

COAL        1  0 

0 

2 

0 

Sill   0  2 

l>ark  metal   0  3 

Blue  metal   O  0 

COAL  mark  n  0 

Sill   0  6 

Dark  metal ...       ...  0  2 

Fine  tight  blue  metal. 

with  eatseope     ...  1  6  0 

Black  metal  .  .  .  0  1  3 

Qm  metal  0  13 
COAL  —  Liclhank 

Sram  .036 


6  O 


STRUCTURE  OF  THE  CUMBERLAND  COAL-FIELD, 


881 


Section  op  Ellkn hobo run  PtT,  Masypobt. 


ThicJcncM  Depth  Coal 
of  each     Scariu  aro 
Htm  turn.  »]*rt. 
F*.  Ft  In.  F»_  Ft  In 


Soil  and  gravel 

1 

0 

0 

Hough  gravel 

0 

n 

6 

Quicksand  ... 

3 

0 

0 

Strong  bine  clay  ... 

2 

o 

0 

Dark  brown  metal ... 

6 

0 

0 

Light  thill  ... 

0 

■r.l 

0 

Dark  blue  metal 

0 

5 

5 

8  tin  up  comb 

0 

4 

2 

COAL   , 

0 

0 

f* 

Dark  blue  comb 

3 

1 

1 

COAL 

0 

1 

Dark  bine  metal  ... 

0 

2 

— 

'"4 

COAL  ... 

0 

0 

Dark  blue  metal 

0 

1 

9 

Light  blue  comb 

1 
J 

i  p 

1 

White  freestone  ... 

0 

1 

Strong  grey  beds 

t 

1 

Dark  cash  ... 

0 

] 

10 

Light  bine  metal  ... 

0 

4 

2 

Stmn  g  gi  rdle,  bl  lie ; . . 

0 

0 

9 

Dark  bine  metal  ... 

0 

0 

11 

COAL   

0 

ft 

6 

Dark  blue  comb 

1 

4 

1 

Strong  comb,  with 

freestone  ... 

2 

! 

5 

Dark  blue  metal  ... 

1 

6 

4 

Black     metal  and 

coal 

0 

2 

m 

Light  blue  metal   . . . 

1 

0 

0 

Grey  bed*  ... 

2 

% 

Soft  freest  one 

0 

2 

iii 

COAL  —  Senhousr 

11 iff h  Band 

0 

8 

s 

Light  coloured  sill  .. 

1 

1 

0 

Light  freestone  bod 

0 

3 

3 

Light  coloured  girdle 

beds   

:t 

0 

Light  freestone  bed 

if 

0 

10 

L'jillllt          1  '1 1  i  ■  4  :  k  1 

K        U'lUU        LUC  I  ill 

beds,  mixed  with 

girdle  beds  3  inches 

thick   

1 

:.i 

0 

Black  slate  ... 

0 

0 

3 

COAL 

0 

7 

Black  i+touc... 

0 

Q 

2 

COAL 

0 

0 

7 

Black  stone  , 

0 

II 

I 

COAL 

0 

0 

8 

Sill,  dark  and  slaty 

0 

1 

0 

Brown  coloured  sill . . . 

1 

1 

0 

Irouatoue  bed 

0 

o 

lu 

Brown  freestone  ... 

10 

0 

0 

Black  metal  

0 

2 

i 

Dark    comb,  mixed 

with  a  little  cats- 

cope 

1 

1 

6 

16   3  9 


16   3  8 


5    1  5 


Thicknem  Depth  Cosl 
of  tinea     Scttiun  in 
Mim!  ii"  iiiart. 
F«.  Ft,  lg,  Fi.  F*  In. 
Brought  forward  13    0  10 
Dark  comb  ,  G    0  0 


COAL   

0 

2 

i 

Black  scram 

» 

V 

:j 

Light  coloured  Hill... 

0 

] 

2 

Black  mark 

0 

0 

1 

Light  coloured  sill,.. 

0 

3 

9 

LiLfht  freestone 

0 

8 

0 

Light  comb. . . 

0 

4 

0 

Light  freestone  post 

0 

I 

I 

Light  metal 

0 

1 

I 

COAL 

iJ 

ii 

Blue  metal  sill  ... 

0 

4 

0 

Light  comb  and  grev 

beds,  mixed  with 

catsco|>e  ... 

3 

0 

0 

Black  mctaj,  mixed 

with  a  little  eoa/... 

0 

0 

s 

Light  comb  and  gToy 
beds,   mixed  with 

cat  scope  beds  some 

fj  inched  thick  ... 

1 

4 

o 

Light  grey  beds,  with 

vegetable  impres- 

sions at  the  bottom 

0 

1 

0 

Light  hard  stone  >.< 

0 

1 

3 

Light  coloured  grey 

beds   , 

1 

0 

Light  stone  bed 

5 

0 

6 

COAL  —  Hamilton 

Seam 

I 

1 

0 

Grey  bed*  .  

1 

li 

o 

Girdle  bed« ... 

l 

'2 

0 

ttrev  beds  ... 

0 

J 

10 

COAL   

0 

0 

8 

Dark  comb  metal  ... 

10 

4 

1 

Dark  blue  metal 

1 

0 

8 

COAL  (average 

quality)  —  J'irgin 

Seam 

0 

2 

6 

COAL,  atone 

1 

B 

Comb,  with  stone  bed* 

I 

2 

Dark  grev  metal    , . . 

1 

1 

0 

COAL     If  kite  Metal 

Band   

0 

4 

8 

Bine  comb  in  eta  U  ... 

o 

i 

:i 

i  J  rey  beds 

0 

1 

0 

Comb  metal.., 

0 

4 

6 

Hard  gmlle... 

0 

G 

4 

Fine  blue  metal 

0 

3 

in 

Strong  comb 

0 

2 

i 

Blue  stone  ... 

(1 

I 

4 

Light  coloured  stone 

0 

5 

W 

Ligh  t  blue  comb,  H  i  tl  i 

catheads  ,  

1 

I 

0 

Parting   

a 

a 

8 

15    3  2\ 


15    3  0 


7    4  !t) 


Carried  forward  13    0  10 


Carried  forward    6    0  5 


3J>2 


STRUCTURE  OF  THE  CUMBERLAND  COAL-FfELD. 


Suction  of  ?:i.LBXBOEort>H  Pit,  Mabypobt,  —  Co ntiftMed. 


of  each 
Fb,  Ft-  la. 

Brought  forward   6   0  5 
COAL—  Ten  -Qua  rters— 
Ft,  In. 


Thickn«M  Depth  Coal 


Sontuji  Arc 

apart. 
F«.  Ft,  In. 


COAL 

Metal  mixed 
with  coal 
COAL  . 
Parti  lie  ... 
COAL 
1'arting 
COAL  ... 
Spar,  bad  ... 
Smr,  (rood 
COAL  ... 


2  0 

0  8 
0  10 

0  3A 

1  10 

li 


Grey  aill   

Black  eomb,wit  h  hard 

Fine  light  freestone 

CatseojM?   

Coloured  comb,  with 

CI  1 |  m  •  i .  ]  i '  b«U 

COAL  —  Hatthr 
Band   

Dark  soft  Hill 
Dark  freestone  sill  .. 
Comb,  with  catKCniiu 
bed*   


1 

2 

5 

0 

i 

1 

4 

1 

1 

u 

a 

0 

0 

5 

1 

a 

10 

5 

0 

i 

fl 

0 

3 

0 

2 

1 

3  0 

7    2  10 


6    0  3 


Thicks 
of  aw 


Stratum. 
Fi.  Ft.  la. 

Brought  forward 

I 

0  9 

(.Jrvy  metal 

0 

2  7 

Grey  l>eda  ... 

0 

2  4 

Black  metal... 

0 

2  0 

Girdle  bed* ... 

1 

1  5 

S tone,  black  coloured 

6 

5  7 

Metal  parting 

0 

0  5 

Stone*  black  coloured 

4 

2  2 

Cash,  or  black  metal 

0 

0  2 

Crow  Sand — 

COAL 

0 

1  0 

Metal  and  spar  ... 

0 

0  6 

COAL   

0 

o  10* 

Black  metal 

0 

1  7 

Mtfaf  Band 

COAL  ... 

0 

l  G 

Slate 

0 

o  9 

COAL  and  rattler 

0 

O  44 

COAL  

0 

o  loj 

drey  metal  fill 

l> 

2  « 

Blue  comb  

0 

4  2 

Grey  beds  ... 

0 

3  » 

Blue  comb 

1 

0  1 

Dark  prey  metal  ... 

0 

1  11 

Black  cash   

0 

0  U 

COAL-  GmmA 

Band   

0 

6  7 

1G  1 


0    5  1 


4    1  5 


Suction  of  Bokk  in  Stkux  ufi.oyv  (.  a\m  l.  Bams  Kllknmokoigii  1*it. 

Fa  Ft.  Iii.  Fa.  Ft.  Bfc 

Light  prey  metal      .„  O  4  6 

Dark  metal,  with  stone  O  4  t! 

Cfitub  metal   0  3  2 

Black  atone   0  2  3 

Strong  prey  stone    . . .  0  1  i\ 
Blue  eon ib  metal  and 

atone    1  1  i» 

Light  frccitoiie       ...  O  3  5 

St  roup  grcv  mI one  0  0  10 

Light  freestone       ...  0  2  2 

Comb  metal  and  stone  0  4  7 

Light  blue  comb  metal  O  -  *J 

COAL  and  snltnt  0  10 


Light  metal   Oil 

Strong  comb  metal  ...  1  0  3 

Strong  grcv  stone    . ..  O  b  ii 

Light  freestone       ...  0  1  2 

St rong  grey  stone    ...  0  1  O 

Comb  metal  and  stone  0  1  O 

Blue  comb  metal     ...  2  2  0 

COAL  and  splint  ...  0  2  3 


Light  grey  metal 
Freestone 


0    2  6 

0  3  n 


5    2  1 


Carried  forward      1  o 


ra 

Yl. 

In 

Brought  forward 

I 

0 

6 

Strong  grey  l*'d* 

0 

8 

I 

Comb  metal  ... 

0 

4 

H 

Light  blue  metal     .  . 

1 

2 

5 

COAL 

0 

0 

8 

White  freestone  thill 

0 

3 

4 

Light  grey  frevstmie 

i 

2 

0 

(Jrey  comb  metal 

0 

I 

Light   grey  freestone 

0 

2 

Light  grey  comb 

o 

t 

Comb  metal  ... 

0 

3 

0 

Utev  metal  with  eats- 

Cope          ...        ,  ♦  ♦ 

0 

0 

Light  blue  metal 

(1 

1 

H 

Light  grey  comb 

o 

1 

6 

Cat  scope 

(1 

o 

4 

Black  MjOintor  shale... 

0 

1 

Blue  metal  comb 

o 

0 

*> 

CaUcope 

o 

0 

;t 

Blue  metal  comb 

0 

4 

* 

Catscope   

0 

o 

4 

Dark  grey  comb 

0 

3 

II 

CaUcope   „ 

0 

0 

8 

Dark  metal  . 

0 

1 

z 

Strong  grey  lied* 

0 

4 

2 

Dark  splint  or  shale... 

n 

0 

3 

Citrrietl  forward 

H 

2 

1U 

STRUCTURE  OF  TKR  CUMBERLAND  COAL-F1 ELT). 


Section  of  Bore  in  Strata  below  Canxkl  Band,  K  llk  x  boko  ra  n 
PIT,—  Continued. 


Brought  forward 

Stone  comb  

Blue  comb 

Oat  scope   . 

Blue  comb  metal 
Strong  blue  comb  ... 

Grey  stone   

Light  blue  metal 
Dark  cash  metal 
Light  blue  metal 
Dark  metal  ... 
COAL 

Comb  metal  

Light  grey  thill 
Grey  beds 

Light  grey  freestone 
Light  grey  comb 


Thick  nun  Depth  Ooal 
of  each    Seam  a  are 
Ht  ration,  apart. 
Fa  Ft.  lu.  Fa.  Ft.  Id. 
B    2  10 


0 
Q 
i> 
0 
0 

o 

0 
0 
o 

I) 

0 

0  0 
0  1 


3  8 

1  ]n 
0  3 

2  0 

3  1 
0  4 

0  10 
3  0 

1  8 
0  6 
0  11 

4 


4 

3  r» 

1  0 
0  8 


Carried  forward    13    3  11 


Brought  forward  13 
White  stone  ... 
Light  grey  freestone 
Blue  cuuib  metal 
Light  grey  freestone 
White  freestone 
Grey  freestone 
COAL 

Black  splint  

Strong  grey  thill  ... 

Dark  comb  

Strong  grey  beds    , , , 
Grey  comb 

Strong  grey  comb  beds 
Grey  stone  ... 
Light  comb,  with  stone 
Blue  comb  ... 


Thic  kncM  Depth  CVal 
of  each    Hcaiim  are 
Stratum .  ajmrt. 
Fa.  Ft.  Id.  Fa  Ft.  Id. 


13 

3 

1 1 

0 

0 

6 

0 

1 

o 

(i 

1 

8 

0 

0 

1 

0 

1 

l 

0 

o 

3 

0 

it 

H 

o 

0 

1 

o 

5 

<; 

0 

2 

0 

M 

0 

1 

0 

0 

0 

it 

I 

0 

0 

1 

6 

0 

I 

0 

ltf    1  10 


Suction  op  John  Pit,  Dkahham.  below  Ten^Qpaiitrrs  Seam. 


COAL—  Ten+quartcrx 

1 

0 

U 

sin   

1 

<; 

Sill  and  dark  metal  ..♦ 

0 

3 

Dark  blue  metal 

0 

j 

Blue  metal  stone 

1 

0 

0 

Dark  hlnc  metal,  with 

Blue  freestone 

1 

g 

0 

iron  posts  ... 

l 

6 

8 

Blue  whiustone 

0 

4 

Post  girdle  .„ 

0 

0 

0 

Dark  blue  metal 

-j 

■2 

0 

Dark  blue  metal 

a 

8 

it 

CO  kL— Rattler  Seam 

*) 

2 

1 

COAL   

0 

0 

7 

6 

3 

Black  metal  

n 

0 

7 

Brown  metal  sill 

0 

0 

Light  metal  

8 

1 

0 

COAL   

0 

Pine  blue  metal 

3 

it 

n 

COAL,  alaty 

0 

1 

a 

Black  metal  ... 

o 

0 

7 

0 

2 

$ 

COAL 

Q 

2 

2 

Blue  metal   

o 

3 

0 

Black  metal  ... 

0 

4 

0 

Blue  metal  sill 

0 

I) 

9 

COAL— Brick  Seam 

0 

2 

0 

Blue  metal  atone 

0 

B 

8 

1 

3 

0 

COAL   

0 

0 

6 

Light  stone  sill 

0 

H 

0 

Brown  sill 

0 

6 

COAL   

0 

0 

p 

Grey  metal  stone 

0 

3 

0 

Light  blue  metal 

a 

a 

p 

Light  blue  metal 

i 

0 

2 

Post  girdle   

0 

i 

1 

Blue  post  girdle 

0 

0 

8 

Dark  blue  metal 

0 

3 

0 

Dark  parting 

a 

0 

] 

Dark  grey  metal 

0 

3 

0 

Light  blue  metal 

4 

4 

7 

Light  blue  metal 

0 

4 

0 

Black  metal  ... 

0 

4 

10 

Dark  blue  metal 

0 

0 

3 

Black  metal  stone  ... 

0 

2 

r> 

Dark  and  blue  metal 

i 

8 

0 

COAL   

0 

! 

3 

Blue  metal  

i 

J. 

0 

COAL— Crow  Seam 

0 

3 

6 

Brown  metal 

0 

1 

fi 

8 

4 

6 

Dark  grey  metal 

0 

1 

2 

Dark  metal  and  iron- 

Dark  grey  freestone .., 

:, 

8 

atone 

I 

0 

0 

Light  grey  freestone 

0 

2 

7 

COAL — Metal  Band 

a 

1 

6 

Dark  parting  and  light 

Black  metal ... 

0 

0 

6 

freestone  ,*« 

0 

2 

7 

COAL  and  rattler  ... 

0 

i 

8 

Grey  beds  freestone ... 

0 

i 

4 

1 

B 

8 

Light  grey  freestone 

3 

3 

to 

Brown  soft  sill 

0 

l 

I 

Brown  freestone 

o 

i 

3 

COAL,  including 

Blue  metal  stone 

3 

i 

2 

metal — Canne!  Seam 

0 

B 

4 

COAL  seam 

0 

I 

I 

0 

6 

334 


CUMBERLAND  COAL-FIELD. 


Sectio.y  of  John  Pit,  Dearham,  below  Tkx*Q  tasters  Sew.— Continued. 


Brown  metal  sill 

Blue  metal  

Dlnek  metal  ... 
COAL 

Brown  eii U  and  coat 
Dark  brown  stone 
< !  rev  freestone 


TTiickneu  Depth  CVisl 
of  each  hk'umn 
HtruUim,  nnmrt. 
P*.  Ft.  In  F*.  Ft.  In. 
0    3  0 


2  9 

1  8 
i  0 


4  2  5 


Curried  forward      1    0  *J 


Brought  forward 
Blue  grey  freestone ... 
lilne  grey  metal 
Blur  metal  stone 

COAL 

Dark  brown  metal  ... 
COAL  and  mt'tal  . 
Dark  brown  sill 


SflTloX  OF  Ho  BEG  ILL  PlT,  BULLGILL,  TO  TEN-QrARTERS  ShAJS\ 
Fa.  Ft.  In.  Fa.  Ft.  In. 


Red  dappled  thill  ... 

1 

0 

0 

Dark    grey  quarry 

15 

atone 

1 

0 

Red  metal  

2 

2 

0 

Bed  dappled  thill  , 

0 

6 

Stone  eoinb  metal  . 

I 

4 

o 

Light  grey  stone 

I 

0 

0 

lied  dappled  tliill  ... 

0 

5 

0 

S tone  comb  metal  ... 

1 

I 

4 

<irey    stone,  mixid 

with  metal 

0 

2 

| 

Red  sill   

0 

0 

8 

Stone  comb  metal  ... 

1 

0 

0 

t'lTH>    111  Hit  fTXl^nl 

run.  uoh  nit. liii  .. 

o 

2 

3 

Light  metal... 

0 

3 

0 

Dark  red  stone  metal 

1 

S 

0 

Hard  grey  stone 

0 

l 

<! 

Dark  red  metal 

1 

l 

0 

Light  metnl  .. 

0 

1 

0 

Betl  metal,  with  Iron 

beds 

1 

5 

0 

Stmng  grey  stone 

4 

0 

0 

Metal  parting 

0 

0 

04 

Strong  grey  stone  ... 

0 

1 

6 

Ked  metal  ... 

0 

I 

6 

Light  grey  stone  ... 

0 

8 

0 

Red  metal,  with  iron- 

stone beds 

1 

2 

6 

Ironstone  bed 

0 

0 

4 

Dark  blue  metal,  with 

ironstone  bed*  ... 

1 

1 

n 

Dark  mvtal  M 

0 

o 

2 

Dark  bine  stone 

0 

1 

0 

Black  metal  * 

0 

D 

- 

COAL 

0 

Q 

2 

Light  tliill  

0 

4 

3 

Hard  bin*'  stone 

1 

1 

6 

Hard  white  freestone 

1 

A 

0 

Hard  stone,  dappled 

red  

0 

4 

G 

Dark  coloured  tliill  . 

0 

1 

0 

Hard  stone*  dappled 

red 

0 

2 

0 

Stone  comb  metal  ... 

0 

4 

0 

Fine  hi  tie  metal,  with 

ironstone  beds  ,,, 

1 

2 

6 

Carried  forward 

47 

l 

H 

Fs. 

Ft  la. 

Brought  forward 

47 

1 

Blaek  shivery  metal 

0 

1 

0 

Fine  white  tliill 

0 

2 

0 

White  freestone 

0 

4 

0 

Dark  blue  comb  metal 

0 

r> 

0 

COAL 

0 

o 

3 

Light  thill  

0 

i 

0 

Light   comb  metal, 

with  ironstone  bed 

2 

1 

6 

Dark  blue  metat  ... 

3 

;i 

• 

COAL   

0 

<■ 

3 

Dark  metal ... 

0 

u 

3 

COAL   

0 

0 

1 

Dark  metal  „ 

1 

0 

2 

COAL   

0 

l 

9 

Dark  thill  with  ribs 

—  fi 

of  freestone 

0 

& 

10 

Grey  bed*  ... 

2 

6 

G 

Fine  comb  metal  PM 

0 

I 

10 

Dark  nhi  very  metal  . . 

0 

0 

8 

COAL  ,  

0 

I 

*J 

Dark  metal  

0 

1 

2 

COAL  ... 

0 

Q 

21 

Dark  thill  mixed  with 

freestone  ... 

1 

0 

0 

Black  bind  

0 

10 

Light  metal 

0 

o 

3 

Black  metal  

0 

l> 

*« 

COAL   

0 

o 

a 

Dark  thill  

0 

Q 

10 

Light  grey  thill  ... 
White  freestone  ... 

0 

2 

o 

1 

0 

0 

Fine  metal  , 

0 

5 

Curled  thill  

0 

6 

0 

COAL   

0 

0 

11 

M.tal   

0 

i> 

7 

COAL   

0 

0 

1 

Grey  eur led  tliill  ... 

0 

1 

0 

Strong  comb  metal 
with  ribs  of  free- 

stone 

8 

2 

0 

Dark  metal  with  iron- 

■tone  beds 

2 

2 

0 

COAL  —  tfm  fftf 

trr*  Sram 

1 

0 

8 

67    2  &J 


0  Oj 


17  ft  9| 
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Section  of  Ellen  Pit,  Bfllgill,  below  Tes-Qcaiitebs  Ska  si. 


TbtcJtneu  Depth  Coal 

of  ejich  Heami  mo 

Stratum,  ujurt. 

Ft.  Ft,  la.  Fn.  Ft  la. 


COAL  —  Ten-quar- 
ter* Seam  ... 
Dark  motel  sill  ...  1  3  0 
Strong  light  blue  metal  3  5  0 
COAL— Battler  Band  0    2  10 


Strong  light  inetal  rill 
COAL— Slaty  Band, 


St  ron  g  brow  1 1  freestone 
COAl   

Li  glit  metal  sill 
Flinty  freestone  post. . . 

Ill  ue  metal   

Black  metal  

CO  A  L— Thirty  *  inch 
Seam   

Black  metal,  with  many 

ironstone  beds 
COAL—  Metal  Band 

Light  f  rccs  toi  i  e  beds  ( . . 
Light  strong  metal  ... 
COAL  —  CaaW  Seam 

Metal  gill   

Strong-  blue  metal    , . , 
Black  stone  and  rattler 
Black  metal  ... 
Light  blue  metal  and 

thtn  beds  of  freestone 
COAL,  with  rattler 

on  top 

Strong  light  blue  metal 
COAL— Ford  Seam 

White  freestone  sill  Mt 
Grey  beds 
Stone  metal  ... 

COAL   , 

Sill   

White  post  

Grey  bids   


Soil  and  sand , , . 
Sand  and  gravel 
Brown  clay  ... 
Bed  *ill 

Dark  metal  „, 
Blue  metal  ... 
Brown  metal... 


Carried  forward 
VOL.  xxxn.-iew, 


0 

g 

H 

1 

1 

0 

1 

3 

a 

i 

1 1 

0 

2 

1 

n 

V 

ft 
u 

D 

f) 

1 

Q 

0 

3 

6 

0 

3 

0 

1 

2 

6 

A 

it 

B 

r  t 

I 

Q 

0 

o 

1 

5 

0 

0 

1 

0 

1 

2 

0 

0 

2 

0 

0 

a 

0 

3 

2 

0 

0 

1 

0 

3 

:\ 

0 

0 

8 

0 

0 

3 

0 

0 

8 

0 

0 

4 

9 

0 

it 

0 

0 

1 

6 

1 

1 

4 

0 

3 

7 

4 

0  11 

Skctic 

F«. 

FL  In. 

0 

6 

0 

1 

3 

0 

2 

4 

D 

0 

2 

8 

0 

0 

8 

0 

6 

6 

0 

:i 

0 

i; 

B 

10 

1    1  0 


5    5  4 


14  8 


1    |  3 


8   3  3 


2   2  0 


3    3  6 


6    0  0 


4    0  0 


Thick dom  Deiith  Cos) 

IS 

S  Em  turn,  tout 

I> 

it. 

Id,  Fa.  Ft.  In. 

Brought  forward 

1 

0 

11 

Blue  metal  ... 

0 

4 

8 

Ironstone    bed,  with 

parting 

0 

0 

2 

Black  metal  ... 

0 

1 

0 

Dark  sill   

ri 

4 

1 

Dark  nparkly  sill 

D 

9 

Light  grey  beds 

0 

2 

0 

lronritone    bed,  with 

parting 

0 

0 

2 

Strong  blue  metal  ,M 

l 

P 

& 

Ironstone    bed,  with 

parting 

o 

0 

2 

Stone  inetal 

0 

2 

6 

Strong  grey  beds 

1 

1 

6 

Whirlstono  ... 

2 

6 

Stone  metal  

1 

4 

0 

Dark  strong  metal  ... 

1 

0 

0 

Light  blue  metal 

0 

3 

6 

Black  inetal  ... 

0 

1 

6 

COAL 

0 

0 

9 

Sill   

0 

1 

COAL   

6 

1 

1 

Sill   

Stone  metal  ... 
Soft  parting  ... 
Strong  dark  metal  . . , 

Bine  metal  

COAL— Little  Main 

Strong  sill     ...  ... 

Blue  flinty  post 
Blue  metal,  with  iron- 

atone  beds... 
Strong  light  blue  metal 
Black  atone  ... 
COAL   

Sill  iM   

White  freestone 
Strong  blue  metal  ... 
COAL-  Liekbank 
Scnm   

Black  metal  .,. 
White  freestone 


H  0  9 


5  <i 

5  10 

0  2 

3  0 

0  3 

2  2 


0  4  0 

0  2  G 

0  5  6 

2  3  5 

o  o  n 

0  16 

0  5  0 

0  6  0 

2  4  0 

0  1  6 

0  0  6 

0  4  6 


4   5  4 


4   5  5 


4  8  0 


0  5  2 


Section  of  Aspatria  No.  3  Pit. 


Brought  forward 
Dark  blue  metal 
Dark  brown  metal  ... 
Brown  freestone  comb 
Brown  post  ... 
Brow  n  comb ... 
Brown  sandstone 
Comb  metal  ,., 


Fa.  Ft  Id,  Fi.  Ft.  lo. 


Carried  forward    17    2  0 


M  H 


KTATIOTLmR  OP  THE  CIMBERLAND  COAL-FIELD 
Sumo*  of  Abpatbia  No.  3  Pit—  Continued. 


Hrought  forward 
(troy  frtoitooa 
Handed  comb 
Mack  parting 
Dark  sill 

Brown  post  

Dark  Mm'  metal 
Dark  slate  unci  ro*/ 

ttrey  rill   

Brown  Kill 

Light  comb  

Dark  brown  comb  ,ti 
Light  comb  ... 
Dark  COiub  metal 
H row i j  ooodb  metal  ... 
Hlne  metal  and  eat*. 

Co]*? 

Handed  comb 
f  1 1 1  ]  c  inctcil    . .. 
HlHrk  metal  and  stone 
COAL 

Strong  ilurk  nil  J 
Strong  dark  eomh 

COAL 

Sill   

Strong  (.»o»ib... 
Stone  and  %vey  lied*  . 
Strong  comb 

Blue  metal  # 

Sticking 
Blue  metal  ,M 
Jhirk  metiil 

COAL 


ThfckucM  DrpthCoaJ 

»*f  each  Hi<*fi|« 
Htntuni  apart. 

Fn  Ft.  !r,.  |  .  j:r 

17  a  Q 

"I    2  0 

0  16 
0  0  I 
0  4  0 
0  1  3 
0    0  9 

0  0  3 

0  2  8 

0  10 

1  2  O 
0  2  0 
0  2  0 
0  2  6 
13  0 

2  1  0 

o  i  o 

0  2  0 

0  \  G 

O  (I  1 

0  1  0 

0  3  0 

0  I  if 


I>nrk  met ul 

COAL   

Dark  metal  ... 
COAL 

Slate  ami  real  mixed 

Sill   

Stone  comb  

White  frccitaiio 

Stone  comb  

White  freest  one 
Black  meUl  .. 
J<hotn)Ht»itor  *and*tonc 
Urey  \hhU  (lodge) 
Han dt.nl  grey  bed*  ... 

Brown  jkh*  

White  freestone 
Handed  grev  bed* 
White  frtWtono 
Blue  ineta) 

BllU'k  ■!:•■!  :il 

COAL 

Soft  ^ill   

Simmy  Kill   

Hlrm  metal 


0    5  0 

3  0  0 

0  I  t> 

1  0  o 
£  3  0 

0  0  if 

1  0  0 
n  a  li 

o  i  o* 

0  0  5 

o  o  n 

0  1  I 

0  0  5 

o  :*  a 

0  0  0 

5  0  U 

L  0  0 

0  1  0 

0  2  0 

o  ti  | 

0  3  1 
12  2 

1  0  O 

0  :»  0 

0  I  i> 

0  l  7 

O  H  <l 

0  1  7 

0  l  <; 

o  o  i 

0  0  6 

0  4  0 

2  0  0 


27    I  10 


9   2  6 


t»       .    *  F*  Ft  li. 

Brought  forward  1*J  2  5 
Blue  on-!  a  I  mid  vats- 

.,.10  0 

...    O   0  G 

...    0    1  H 


bom 

Black  metal 
COAL 


famed  forward    19    2  ft 


strong  thill  

Sill,  mixed  with  coat.. 
Stone  comb 
Hlue  metals 
COAL 

Bolt  Hill   

Strong  »ill  +„ 
Strong  eomh., 

Hlne  metal  

COAL,  «!*ty 

Hark  Hill   

<ircy  freestone 
Blue  metal  ... 
Handed  black  metal. . 

COAL   

Strong  aill 
FUudod  f naiom 
White  freestone 
Black  metal  and  coat 
Strong  sill 
Dark  bine  metal 
Light  grey  eomh  ... 
1  lurk  givy  comb 
St  rong  grey  \nsU 
Dark  eomh  metal  ... 
Hlne  metal  ., 
Dark  eomh  metal 

(trey  \hsU   

Hlne  metal 
White  freestone 
Dark  grey  Mi 
Strong  grey  lied* 
Dark  blue  metal 
(irey  l>ed» 

<  'omb  a i id  grey  b<  I* 
<Jrey  \**U 

Comb  at  id  grey  bed*.*, 
tires  Wa 
Strung  comb 
Mac  metal  ... 
WhiU  freestone 
lil-ii'  metal  ... 

White  frsa^onj 

Hlne  meUl 
White  fnvHfione 
ruey  comb 
Blue  melal 

COAL     Yard  Band 

Dark  nill   

Dark  hlne  metal 
Black  metal  ami  ami 


00  4 


0 
1 

3 
1 

0 
0 
0 
0 
0 
0 


i 
a 

6 
3 
11 
4 
8 
O 
6 
5 


7  4 


o 

O 
O 
3 

1 

O 
3 
O 

H 
0 
0 
O 
O 


1  to 


a 

6 

i 

3 
« 
O 
3 
fi 
it 
0 
41 
6 


1  0 
0  U 


4 

3 
« 
3 
0 
0 
« 
9 


23    &  o 


2    0  U 
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Sectio.v  of  Hohk  below  Yahd  IUnji,  Foot  of  Aik  1*it>  No.  1  Pit,  A&patkia. 


COAL—  Yard  Band 
Grey  sill 
Strang  cmab ... 
Light  freestone 

Stone  comb  

Comh  metal  , 

Hrnwu  cayenne 
Blue  metal  ... 

Dark  metal  *  

Sill  uwl  comb  metal... 
Stone  and  grey  beds... 
Grey  comb 
Comb  metal 
Grey  stwie 
Comb  metal 

Strong  comb  

Comb  metal  

Light  brown  eatsoo|>e 

Comb  metal  

Dark  comb  ... 
Hlack  metal 
Grey  stone 

Dark  cmnb  metal  ... 

Blue  metal  

Black  slut v  metal  ... 
COAL 

tlrev  sill  ♦ 

Liglit  comb  * 

Stone  comb  ..4 
Grey  freestone 
Grey  comb  ... 
Grey  freestone 
Stone  comb  ... 
Grey  comb  ... 
Dark  comb  metal  ... 
(Irey  eoinb 

Blue  metal  ,  

COAL— Little  Mttt» 
Band   


Light  sill 
Light  comb  ... 
Grey  comb 
Light  blue  metal 
Black  metal  ami  splint 
Slate  and  coal 
COAL 

Hark  sM   

Grey  comb  ... 
Fine  bine  metal 
Soft  black  metal  and 
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COAL  and  slate 
Soft  light  stone  sill  ... 

Stone  comb  

Hark  metal  parting  ... 
Lhirk  comb   
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Brought  forward 
Soft  grey  frees  tone 
Black  metal 
COAL  ami  date 
Strong  prey  sill 
Light  freestone 
Grey  beds 

Dark  comb  and  eats* 

cojio   

Uluek  slaty  metal 
COAL  and  slate 
Grey  sill 

Light  stouo  eoinb 
Light  grey  IhhIs 
White  freestone 
Light  stone  comb 
Strong  stone,  in  two 

JMWtS 

Strong  grey  eumb  ,., 

Comb  metal  

Dark  bine  metal 
COAL   
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Section  of  Bork  uklow  Yaki>  Band,  Foot  of  Aje  Pit,  No.  1  Pit, 
Aav  a  T  r  [  a  . — Conttn  ued. 


Thick  tw*a  Depth  Coal 
of  cacl 


Ft  Ft.  In.  Ft.  Ft.  Ill 


Dark  comb    . . . 
Strong  grey  bed* 
Dark  comb  met  id 
Black  nl»ty  metal 
I  tat  t  ier  and  splint 
Soft  metal 
Strong1  comb... 
Soft  cashy  metal 
Black  metal  and  coal  0 
Dark  grey  sill 
Light  stone  comb 
White  freestone 
Stone  comb  ... 
White  freestone 
Grey  stone  comb 
Grey  freestone 
i  *  1 1 1  'h  comb  ... 
Light  comb  metal 
COAL 


Blaek  stone  .. 
Dark  grey  till 
Dark  Atone  comb  ... 
Strong  grey  comb  ... 
Light  cream  coloured 

stone 
Dark  grey  comb 
Strong  grey  beds 
Dark     grey  comb, 

raitded  with  stone 
Grey  cnUeope 
Grey  comb  metal 

Dark  metal  

Fine  blue  metal 
Dark  blue  metal 
Dark  strong  metal  ... 

COAL   

Dark  cashy  metal  IM 

Light  metal  

Dark  black  in  etui  ... 
COAL 


Splint   

Light  sill   

Strong  brown  »nd  grey 
stone 

Light  yellow  stone  ... 
La^ng-in  pust>  very 

Stone  and  grey  beds... 
Strong  grey  stone    . . , 
Light  stone  and  stone 
comb        ...  m, 
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attach    Scams  i 


Drought  forward 
Dark  grey  stone  comb 
St  mug  grey  comb 
Dark  grey  stone  comb 

Soft  sticking  

Strong  grey  bed  and 

stone   

Strong  grey  comb  ... 
Strong  dark  comb  ... 

Dark  comb  

Grev  stone  i*ost 
COAL,  slaty 
Strong  dark  sill 
Light  yellow  freestone 
Light  stone  comb 
Light  yrllow  freestone 
Strong  light  comb 
Grey  comb    ...  ... 

Strong  grey  beds     .  . 

Light  comb  

Dark  grey  comb 
Dark  cashy  metal    . , , 
Strong  grey  comb  ... 
Light  freestone 
Strong  light  grey  stone 
Dark  scram  or  comb... 

Grey  eouib  . 

Light  grey  freestone  .  - 
Strong  grey  beds 
Dark  comb  metal 
Strong  grey  comb  ... 
Block  MM  and  dark 

cashy  metal 
Light  grey  freestone. > . 
Light  grey  beds 

Light  stone  

Strong  grey  beds 
Light  grey  freestone 
Strong  dark  grey  comb 
Light  grey  f  reestouc  , . 
Dark  grey  comb 
Light  grey  beds 
Dark  grey  comb 
Strong  grey  stone    . . . 
Grev  comb 
Light  grey  stone 
Dark  grey  comb 
St  ron  g  grey  ston  o  ... 
Light  blue  comb 
Light  stone  post,  with 

lime 

Soft  parting  

Light  stone,  strong  ... 
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Section  of  No*  2  Pit,  Bolton  Colli  kuy. 


Soil  

Sand  and  brown  clay 
Sand  mid  gravd 
Strong  brown  clay  ... 
Soft  blue  trill... 
Red  comb 

Brown  sandstone  and 
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To  enable  a  comparison  of  these  sections  to  lie  made  with  greater 
certainty  and  ease  they  are  given  side  by  side  in  another  form  on  Plate 
XXXIIL  The  names  there  given  to  the  various  seams  are  those  by  which 
they  arc  actually  known  in  the  d liferent  districts  where  the  seein  g 
are  taken,  and  the  c<<m'];ition  of  the  seams,  according  to  the  judgment  of 
the  writer,  in  shown  by  means  of  the  fine  lines  connecting  the  different 
seams.  This  drawing  has  been  prepared  by  uniting  in  one  column  for 
each  locality  the  details  given  in  the  foregoing  journals.  For  example* 
the  Whitehaven  section  was  obtained  by  taking  the  details  of  Croft  Pit  as 
far  down  as  the  Bannock  Band  and  the  details  of  Wellington  Pit  from  the 
Bannock  Band  down  to  the  Six-quarters  Coal.  Below  the  Six-quarter* 
Coal  the  information  wiis  obtained  by  a  borehole  in  Wellington  Pit.  The 
other  sections,  for  Cleator  Moor,  Harrington,  and  Workington,  etc.,  were 
prepared  in  a  similar  way,  and  all  the  details  are  given  in  the  preceding 
journals. 

By  reference  to  l'luto  XXXIIL  it  will  lie  seen  that  the  Yard  Band 
is  the  seam  which  most  nearly  preserves  its  name  throughout  the  district* 

The  Lickbank  of  Greysouthen  is  the  Hamilton  Band  of  Workington, 
the  Three- feet  Band  of  Harrington,  the  Six-quarters  Coal  of  Whitehaven, 
and  the  Low  Bottom  Band  of  Cleator  Moor.  The  Lickbank  seam  at 
Broughton  Moor  and  Dcarhara  ap|>c;ir  to  be  two  different  seams.  They 
are  also  different  from  the  Lickbank  of  Greysouthen, 

The  Main  Band  of  Whitehaven,  Cleator  Moor,  and  Workington  are 
no  doubt  one  and  the  same  Benin,  In  cither  parts  of  the  district  this 
seam  is  known  as  the  Cannel  and  Metal  Band, 

The  Bannock  Band  of  Cleator  Moor  and  Whitehaven  corresponds  to 
the  Little  Main  of  Workington  and  to  the  Rattler  Band  of  other  jmrte  of 
the  district. 

The  Five-feet  Coal  of  Cleator  Moor  is  the  Moor  Banks  Band  of 
Workington  and  the  White  Metal  Baud  of  Ellenliorongh. 

As  these  correlations  differ  in  one  most  important  matter  from  that 
which  is  generally  accepted  in  the  district,  it  will  be  necessary  to  give  the 
reasons  which  have  induced  the  change.  It  is  generally  considered  that 
the  Moor  Banks  Band  of  Workington  and  the  Ten-quarters  Coal  of 
Ellenlmrough,  Bnllgill,  Dcarham,  Broughton  Moor,  and  Greysouthen,  are 

*  A l  Whitehaven  there  U  a  Yard  Hand  almvc  the  Rum  nek  H*udT  hut  the  *c*m 
which  corresponds  to  the  Yard  Rami  of  the  cither  jiarta  nf  the  district  ha*  not  tacn 
worked  there.    At  Workington  the  Yard  Hand  teems  to  lx<  the  Little  Mailt  nf  other 
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one  and  the  same  seam.  It  is  also  considered  that  the  Bannock  Band  of 
Whitehaven  is  the  same  Beam  as  the  Bannock  Band  of  Cleator  Moon 
Buth  these  correlations  are  doubtless  correct,  but  it  is  further  thought 
that  the  Ten-quarters  Coah  in  the  first-mentioned  districts,  U  the  Siime 
Beam  as  the  Bannock  Band  of  Whitehaven  and  Cleator  Moor.  This 
seems  to  Ik;  wron^,  the  Ten-quarters  Coal  being:  more  probably  the  Five- 
feet  Coal  of  Cleator  Moor,  whilst  the  Bannock  Band  of  that  district  and 
of  Whitehaven  corresponds  to  the  Rattier  Band  of  Ellen  borough  and  the 
other  places  above-mentioned.  The  reasons  for  this  alteration,  which 
affects  the  relative  position  of  all  the  seams  above  the  Main  Baud  at  both 
Whitehaven  and  Cleator  Moor,  are  as  follows: — 

1.  — On  the  new  correlation  there  is  a  closer  correspondence  in  the 

distance  between  the  different  seams  than  there  is  on  the  old 
view  as  shown  below: — 

Ellen  borough. 

Fmi.  Ft.  In 

Front  tW  Teti-quariera  Coal  to  the  I  tattler  Hand  i§        ...     6   0  3 
„  „  Canitel  And  Metal  Haml   27    2  7 

Clratou  Moor. 

From  the  Five -feet  Coal  to  the  liamioek  Hand  U   6   5  8 

m  ii  Main  Baud   26    1  8 

It  will  be  seen  from  this  statement  that  there  is  only  19  fathoms 
2  feet  between  the  Bannock  Band  and  Main  Band  at  Cleator  Moor,  as 
compared  with  27  fathoms  2  feet  7  inches  between  the  Ten-quarters 
Coal  ami  the  Cannel  and  Metal  Bond  at  Ellenborou^h. 

2.  — The  sections  of  the  scams  in  the  different  districts  are  more 

nearly  alike  on  the  new  view  than  on  the  old  one. 
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The  parting  in  the  Ten-quarters  Coal  at  Ellenborough  are  more 
numerous  than  in  the  Five-feet  Coal  of  Cleat  >r  Moor,  acceding  to  the 
above  sections,  but  they  are  variable  in  the  Ten-quarters  Coal ;  for 
example,  on  the  north  side  of  the  Ellenborough  Colliery  the  aggregate 
thickness  of  the  partings  in  the  Ten-quarters  Coal  have  been  as  much  as 
C  feet  (J  inches,  whilst  on  the  south  side  of  that  colliery  they  are  now 
only  about  6  or  7  inches.  In  Bome  parts  of  the  district  there  is  only  one 
parting  in  the  seam. 

3. — The  general  succession  of  the  seams  and  of  the  interbedded  strata 
also  demands  the  suggested  alteration,  as  will  be  seen  on 
reference  to  the  detailed  sections  and  also  to  Plate  XXXIII, 

The  only  piece  of  evidence  which  is  against  the  new  correlation  is  the 
ihkkmss  of  the  scums.  For  instance,  the  Bannock  Band  corresponds  more 
nearly  in  thickness  to  the  Ten-quarters  Coal  than  it  does  to  the  Rattler 
Band,  but  that  fact,  unsupported  by  any  other,  is  not  of  much  value, 
because  seams  sometimes  vary  considerably  in  thickness,  even  in  short 
distances;  for  example,  the  Five-feet  Band  of  Cleator  Moor,  so-called 
from  the  fact  of  its  there  being  on  the  average  about  five  feet  thick,  is  at 
Croft  Pit,  Whitehaven,  only  about  a  foot  thick,  and  in  the  section  of 
Wellington  Pit,  in  the  same  colliery,  it  docs  not  appear  at  alb 

Havinjr  thus  determined  the  correlation  of  the  seams  in  the  Lower 
Measures  it  becomes  possible  to  ascertain  the  relation  thereto  of  the  White- 
haven Sandstone.  That  formation,  like  the  Lower  Measures,  consist®  mainly 
of  sandstones  and  shales,  but  in  the  Whitehaven  Sandstone  these  rocks  ore 
generally  of  a  purple-grey  colour,  although  in  some  places  they  include 
light  sandstones  and  alio  light,  and  dark  coloured  shales  such  as  prevail 
in  the  Lower  Coal-measures,  as  will  be  seen  on  reference  to  the  lower  part 
of  some  of  the  detailed  sections.  Typical  sections  of  the  purple-grey  sand- 
stones of  this  formation  may  be  seen  in  Bransty  dill's,  on  the  north  side 
of  Whitehaven,  also  in  the  upper  part  of  Garlic  Gill,  near  Dearham,  and 
in  the  banks  of  the  River  Waver,  near  Bolton  Low  Houses.  Among 
colliers  of  the  district  the  purply-grey  colour,  which  is  characteristic  of 
the  Whitehaven  Sandstone,  is  frequently  called  41  brown/*  a  fact  which  it 
is  necessary  to  bear  in  mind  in  this  investigation,  as  it  is  essential  to  a 
correct  translation  of  the  sections. 

Referring  now  to  the  sections  on  Plate  XXXIII.,  the  unconformity  of 
the  two  chief  members  of  the  Coal-measures  will  be  seen  at  a  glance,  but 
its  amount,  will  be  better  understood  by  com  [taring  the  thickness  of  rocks 
interposed  at  different  places  between  the  base  of  the  Whitehaven 
Sandstone  and  any  scan)  of  coal  in  the  Lower  Measures  which  is  found 
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in  every  part  of  the  district.  The  seam  which  is  best  adapted  for  this 
purpose  is  that  which  goes  by  the  name  of  the  Yard  Band  at  Cleat 
Moor,  Maryport,  Gilcrux,  Dearlnun,  Aspatria,  and  Mealsgote.  Th« 
height  above  that  seam,  of  the  base  of  the  Whitehaven  Sandstone,  at  ? 

different  places  in  the  field,  is  given  below: — 


The  unconformity  is  thus  placed  beyond  doubt,  but  it  is  farther 
illustrated  in  Plates  XXXIV.,  XXXV.,  and  XXXVI.  It  is  also  shown 
by  the  fact  indicated  on  Plate  XXXII.,  that  at  Rowrah  and  other  places 
in  that  neighbourhood,  the  Whitehaven  Sandstone  rests  directly  on  the 

Millstone  Grit. 

From  the  way  in  which  the  Whitehaven  Sandstone  cute  off,  one  after 
another,  the  upper  seams  of  the  Lower  Coal-measures,  it  would  appear 
that  in  the  area  extending  e;i*twari]  f'tmn  High  Hall  toward  Rose  Castle 
only  the  very  lowest  seams  in  the  field  can  exist  in  the  Lower  Coal* 
measures,  although  it  is  likely  that  the  Crow  Band  and  Master  Band  of 
Bolton  will  there  exist  in  the  Whitehaven  Sandstone* 

The  development  of  the  Whitehaven  Sandstone  is  variable.  In  some 
parts  of  the  district  it  consists,  as  at  Rosegill  for  example,  of  purple-grey 
sandstone  and  shales,  whilst  at,  other  places,  as  in  the  neighbourhood  of 
Mnryport  and  Bolton,  it  contains  in  its  lower  part  a  considerable  thickness 
of  light  and  dark  coloured  shales  similar  to  those  which  form  the  bulk  of 
the  Lower  Coal-measures,  from  which  indeed  they  would  be  indistinguish- 
able but  fur  the  fact  that  the  purple-grey  sandstones  and  shales  come  on 
below  them.  In  these  light  and  dark  coloured  shales  there  are  a  number 
of  coal  seams,  but  only  two  that  have  hitherto  been  considered  worth 
working.  In  the  Bolton  district  these  seams  are  known  as  the  Crow 
Band  and  the  Master  Baud*  At  Aspatria,  Batik-end  Pit,  they  are  called 
respectively  the  Crow  Band  and  the  Ten-quarters  Coal.  In  the  Ellen- 
borough,  Bwanriggj  and  Him  by  collieries  both  these*  seams  exist,  but  only 
the  upper  one  (the  Crow  Band  of  Bolton  and  Asjiatria)  has  been  worked, 
ft  is  known  in  these  collieries  by  three  different  names,  the  Yard  Baud, 
the  Whitecrnft  scum,  and  the  S  nhousc  High  Hand.* 

•  Since  tin*  wn*  w  ritten  the  author  has  had  nn  o|ijwirtnuUy  of  penning  a  F*p*r  on 
the  Wc*t  Cumberland  Coal  Trade,  by  tbc  late  Mr,  Isaac  Hotelier  (Transaction!  of  the 
V uuiUt land  ami  Westmorland  Antiquarian  and  Arcmeohifpcal  Society*  1878),  from 
which  il  apju-ar*  tluit  Mr.  Fletcher  nl-u>  *va<  of  opinion  that  the  Senbuua*  Hltfb  Haul 
«H in  the  Whhehnvcu  SrunKtuiic,  but  he  d-*i  m»l  mention  the  Ho1t«>ri  and  Aipaim 
seams  in  the  same  rocki, 


Crosby  Pit,  Bnllgill.., 
Xn.  a  Pit,  AsjHitria  ... 
No.  2  Pit,  Bolton  „, 


Whi  tiny  hill  Pit,  Cleator  Moor 
Croft  Pit,  Whitehaven 
Ellei  thorough  Pit.  Marjjwrt 


Fmi,  Ft  in. 

75  1  8 

81  3  0 

93  3  6 

64  4  0 

30  3  3 

11  I  1 
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It  is  also  probable  that  the  Crow  Coal  of  Stag  Pit,  in  the  Whitehaven 
Colliery,  is  the  higher  of  these  two  seams,  that  is,  the  Crow  Bund  of 
Bolton;  but  that  is  a  mere  conjecture,  as  there  is  no  detailed  section  of 
the  pit.  The  Whitehaven  Sandstone,  however,  occupies  the  surface  of 
the  ground  for  some  distance  around  King  Pit,  and,  judging  from  its 
thickness  in  the  sea  brows  to  the  westward,  it  probably  extends  further 
down  the  shaft  at  King  Pit  than  the  position  of  the  Crow  Coal  in  the 
skeleton  Seam -Section  which  hag  been  preserved.  Moreover,  there  is 
not  a  seam  in  the  Lower  Coal-measures  in  any  other  part  of  the  field  so 
far  above  the  Main  Band  as  this  "Crow"  Coal.  The  "Little"  Band  of 
King  Pit  is  also  likely  to  be  in  the  Whitehaven  Sandstone,  and  may  be 
the  correlative  of  the  Master  Band  of  Bolton  and  of  the  Ten-quarters 
Coal  of  Aspatria. 

The  areas  occupied  by  the  Whitehaven  Sandstone  and  the  Lower  Coal- 
measures,  immediately  below  the  superficial  deposits,  in  the  district  more 
especially  under  consideration,  are  shown  in  Fig,  1,  Plate  XXXIL  It  is, 
however,  necessary  to  bear  in  mind  that  both  formations  pass  in  below 
the  Permians,  as  shown  in  Section  No.  1 ,  Plate  XXXIV. 

The  correlation  of  the  seams  in  the  different  parts  of  the  coal-field 
being  now  established,  a  few  instances  will  be  given  of  the  variations  in 
the  thickness  of  the  strata  between  corresponding  beds  at  different  places. 

The  Senhouse  High  Band  in  the  Ellcnborough  Colliery  is  17  fathoms 
1  foot  1 1  inches  above  the  base  of  the  Whitehaven  Sandstone.  At  No.  3 
Pit,  Aspatria,  the  corresponding  seam  is  25  fathoms  above  the  base  of  the 
purple  grey  rocks,  whilst  at  No.  2  Pit,  Bolton  Colliery,  this  thickness  is 
increased  to  33  fathoms.  From  this  it  is  clear  that  there  is  a  thickening 
of  these  beds  in  a  north-easterly  direct  inn. 

In  the  Lower  Coal-measures  it  is  also  found  that  some  of  tin 
increase  in  thickness  towards  the  north -cast,  as  for  example  the  strata 
between  the  Cannel  Hand  and  the  Yard  Band  as  shown  below: — 
DErrn  from  Cancel  Band  to  Yard  Band. 

Fin*.  Ft.  In*. 

At  Ellen  Pit,  Gilcnu    10   0  0 

„  Hank  End  Pit,  JMpfefo    20   0  0 

tt  No.  3  Pit  „    25   3  0 

„  Mealsgate    28    8  2 

This  north-easterly  thickening  of  the  measures  corresponds  to  that 
which  is  found  in  the  sandy  and  ehaly  beds  of  the  Carboniferous  limestone, 
and  which  was  pointed  out  by  the  author  in  his  paper  "On  the  Haematite 
Deposits  of  Furness,"* 

*  Transactions  of  the  Institute,  Vol.  XX XL,  p.  211. 
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Then  again,  at  Whitehaven  it  is  found  that  the  m cue n res  lying  betweeu 
the  Bannock  Band  and  the  Main  Band  thicken  in  the  same  direction  a* 

indicated  hereunder : — 


Depth  fuom  Uansock 


Bani>  to  Waijt  Band. 

Fms  Ft. 

  9  0 

  10  4 

  12 

  13 

  20 

  21 


U 
10 
4 
0 

o 

7 


At  St.         Borehole   , 

„  Croft  Pit ... 

*  KelU    

StlltOLD  ..  ...  ...  tai 

„  Kiug  M  

rt  Wellington  Pit  .., 

This  thickening  appears  to  cease  somewhere  near  Wellington  Pit,  fur 
at  William  Pit  the  two  bands  are  only  '20  fa thomg  apart.  At  Parton  they 
are  not  so  much.  Then  again,  the  Little  Main  Band  and  the  Main  Band 
of  Workington,  which  correspond  respectively  to  the  Bannock  Band  and 
the  Main  Band  oi  Whitehaven,  are  about  28  fathoms  apart.  Beyond 
Workington  these  seams  arc  known  as  the  Rattier  Band  and  the  Can  net 
and  Metal  Band  respectively,  and  the  distance  between  them  decreases 
thence  toward  the  north-cast  as  the  following  statement  will  show  ; — 

DSFTK  FROM  RATTLEll  HAND  TO  Ca^NHL  BAND. 


At  Ellenborougb  Pit,  Mary  port 
N  Crosbj  Fit,  fiullgiU  ... 
1t  Ellta     „  „ 


Fmn.  Ft.  In*. 
21    *  4 


17 


There  also  appeal's  to  be  a  thickening  of  the  measures  westward  in 
some  parts  of  the  field,  fur  example,  the  depth  from  the  Main  Band  to 
to  the  Low  Bottom  Band  at  Clcator  Moor  is  fathoms  4  feet,  whilst  at 
Wellington  Pit,  Whitehaven,  the  depth  between  the  same  seams  is 
43  fathoms  2  feet  i)  inches.  Then  again  at  Greysouthen  there 
41  fathoms  5  feet  5  inches  Mween  those  seams,  and  at  Work" 
52  fathoms  3  feet* 

Between  some  of  the  other  seams  there  are  similar  variations  in  the 
thickness  of  strata. 

In  connection  with  this  subject  it  is  curious  to  notice  the  relative 
pro  port  ion  of  sandstone  and  shale  in  the  strata  of  different  parte  i*f  the 
field.  The  following  statement  exhibits  these  proportions  in  the  measure* 
between  the  Ten-quarters  Coal  and  the  Yard  Bund  at  Huryport  and  at 
Bullgill,  and  also  between  the  corresponding  seams  at  Whitehaven  t— 

Abrogate  Thickne*         T«Ul  Thlckww  I 


At  Wellington  Pit,  Whitehaven 
„  Kl  I  en  borough  Pit,  Marvport 
Kllca  Pit,  Bullgill 


Of! 

Fjnh  Ft,  Iik* 

17  4  6 

15  1  7 

I  1  8 


«r  Kin]*. 

Fi«*.  Ft  Iim 
1M    8  10 


23 

2* 


Fro*.  FV  Itm. 

3d  2  4 

m  i  i 

S3  5  0 


46 
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The  Inst  column  shows  the  proportion  of  sandstone  to  the  total 
thickness  of  strata  between  the  two  seams.  It  therefore  appear*  that  l>> >th 
the  actual  quantity  of  sandstone,  and  also  the  proportion  it  bears  to  the 
total  thickness  of  strata  lying  between  the  two  seams  mentioned,  Incomes 
less  and  less  toward  the  north -east* 

It  may  also  be  observed  that  in  any  part  or  the  field  the  proportion  of 
sandstone  is  greatest  in  the  upper  and  lower  part  of  the  measures,  the 
central  portion,  where  the  principal  coal  scams  are  found,  consisting 
mainly  of  shales,  the  proportion  of  which  decreases  both  upward  and 
downward  as  the  sandstone  increases*  The  only  exception  to  this,  if  an 
exception  it  am  be  called,  is  the  Main  Band  Stone  at  Whitehaven  and 
I1  Junior  Moui\  etc. 

THICKNESS  OF  STRATA. 

The  Lower  Coal-measures  arc  best  developed  at  Maryport  and  Cleat  or 
Moor.  Iks!  (Jut  are  thick  at.  Workington.  From  the  but  torn  of  the 
Whitehaven  Sandstone  to  the  Main  Band  at  St.  Helens  new  pit  is 
fathoms  or  thereabout.  In  the  old  Workington  Colliery  the  Hamilton 
Band  was  proved  to  be  about  52  £  fathoms  below  the  Main  Band,  In 
Harrington  Colliery  the  mountain  limestone  was  pierced  by  John  Pit 
at  a  depth  of  96  fathoms  below  the  Three-feet  Band,  which,  evidently,  is 
the  same  seam  as  the  Hamilton  Band  of  Workington,  so  that  if  an  allowance 
be  made  for  the  Millstone  Grit,  and  assuming  that  there  is  no  difference  in 
the  thickness  of  the  strata  ljetween  the  Three-feet  Band  and  the  Millstone 
Grit  at  Harrington,  and  between  the  Hamilton  Bund  and  the  Millstone 
Grit  at  Workingtun,  the  total  thickness  of  the  Lower  Coal-measures  at 
Workington  will  be  about  1,S00  feet. 

Between  Ellenborough  Pit  and  Itisehow  Old  Pit  the  Whitehaven 
Sandstone  was  pierced  by  a  shaft  50  fathoms  deep,  and  from  the  bottom 
of  that  shaft  a  borehole  was  put  down  58  fathoms  1  foot  4  inches  without 
reaching  the  Senhouse  High  Band,  which,  however,  judging  from  other 
sections  in  the  neighbourhood,  could  not  be  more  than  four  or  live 
fathoms  further.  The  thickness  of  the  Whitehaven  Sandstone  there,  may 
therefore  be  coasidered  to  be  about  750  feet.  In  the  neighbourhood  of 
Mealsgate  the  Whitehaven  Sandstone,  above  the  Senhouse  High  Band, 
has  been  proved  by  boring  to  be  certainly  578  feet  thick.  Below  the 
Senhouse  High  Band  the  thickness  of  those  rocks  has  been  ascertained  by 
other  boreholes  and  shafts  put  down  in  that  neighbourhood  to  be  about 
200  feet,  so  that  the  greatest  knowru  thickness  of  the  Upper  Coal  Forma- 
tion in  the  Bolton  district  is  about  778  feet. 
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Taking  the  Lower  Coal-measures  at  Workington  and  the  tipper  Coal- 
measures  at  Mealsgate,  the  greatest  ascertained  total  thickness  of  the 
Coal-measures  may  he  set  down  at  about  2,078  feet,  as  helow  j — 

Foet. 

Whitehaven  sandstone    778 

Lower  Coal-measures  ,.,       ...  1,300 

Total    2,078 


As,  however,  all  these  depths  are  taken  at  some  distance  from  the  full 
dip  of  the  field  it  is  quite  possible*  and  in  fact  very  probable,  that  both 
the  upper  and  lower  formation  have  a  greater  total  thickness  than  has  yet 
been  proved. 

COAL  SEAMS. 

In  taking  a  general  sectional  view  of  the  Coal-measures  from  top  to 
bottom,  one  of  the  first  pointB  which  strikes  an  observer  is  the  manner  in 
which  the  main  seams  of  coal  are  placed,  so  to  speak,  in  the  central  part 
of  the  mass.  Although  the  measures  have  a  total  thickness  of  over  2,000 
feet,  yet  the  whole  of  the  workable  seams  are  included  in  about  1,200  feet 
of  them,  there  being  barren  ground,  in  the  sense  that  it  does  not  contain 
any  seams  that  are  workable,  both  alwvc  and  below.  In  this  thickness 
there  are  twelve  principal  seams,  having  in  the  aggregate  about  50  feet  of 
workable  coal,  exclusive  of  the  metals  that  occur  in  them.  The  greatest 
thickness  of  coal  in  the  Lower  Measures  is  at  Cleator  Moor,  Below  is  a 
statement  of  the  thickness,  exclusive  of  metals,  of  the  seven  principal 
scams  at  Ellenborough  and  at  Cleator  Moor : — 


ELLBNTJOnOCGH. 


rt. 

Hamilton  Hand   

4 

o 

Virgin  Seam 

2 

6 

IVMftl  Metal  Seara  

2 

s 

Ten-quarter  Coal 

7 

4 

Rattler  Hand   

3 

1 

Crow  Coal  and  Canned  and 

Metal  Band   

9 

10 

Yurd  Band  

2 

8 

Clhatoh  Moon. 

SU-feet  Spam    4  7 

Four- feet  Seam    3  6 

Five- feet  Seam    4  3 

Bannock  Band                t».  7  4 

Main  Hand   ...  ...       ...  10  6 

Yard  Band    ...  ...       ...  2  8 

Low  Bottom  „,       ...  2  10 


31  8 


35  8 
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The  most  important  searn  in  the  district  is  that  which  is  known 
at  Cleator  Moor,  Whitehaven,  and  Workington  as  the  Main  Band. 
A  section  of  it,  as  developed  at  Whitehaven  and  Cleator  Moor,  is  as 
follows : — 


WlUTEHAVEX, 

CiEAToa  Moor. 

Ft. 

in. 

i  t  in 

COAL 

0 

1 

COAL  j  left  on  i 

0  4 

Cash  .. 

1 

0 

Metal      l  for  roof  ) 

1  0 

COAL   

1 

8 

COAL,  brassy 

2  0 

Metal   

0 

2 

Cash   

0  2 

COAL  ...   

3 

4 

COAL 

9  0 

IMtf   

0 

2 

COAL  

3 

9 

10 

7 

12  6 

North  of  Workington  the  metals  of  this  seam  begin  to  increase  in 
thickness,  so  that  at  Risehow  and  EJIenborough  Pits  it  forms  three 
distinct  seams  of  coal,  which  are  known  as  the  Crow  Coal,  the  Metal 
Band,  and  the  Cauncl  Band.  The  Crow  Coal  and  the  Metal  Band  are 
close  together,  but  the  Metal  Band  and  the  Canuel  Band  are  separated,  at 
the  latter  colliery,  by  about  four  fathoms  of  metals.  At  Crosby  Pit, 
Bullgill,  these  seams,  the  upper  one  being  there  called  the  "Thirty-inch" 
Coal,  are  slightly  nearer  together  than  at  Ellenborough,  but  beyond  Bull- 
gill,  in  the  direction  of  Bolton,  they  open  out  again,  so  that  at  Aspatria 
the  Thirty-inch  Seam  and  the  Cannel  Band  are  about  ten  fathoms  apart 
(sec  Plate  XXXIII.)  The  mcial*  *  jai  ii  m-  (heso  seams  also  thicken 
toward  the  west,  for  on  reference  kto  the  same  Plate  it  will  be  seen  that  the 
Cannel  and  Metal  bands  are  much  farther  apart  at  Ellcnborough  than  they 
are  at  Broughton  Moor,  whilst  at  Dearham  they  are  so  close  together  that 
they  may  be  looked  upon  as  one  seam.  As  the  intermediate  ractals  thicken 
toward  the  north-east  the  quantity  of  coal  in  the  seams  becomes  less  and 
less  as  shown  below: — 


Aoqregate  Thickness  of  Coal  in  ttik  Chow  Bawd  and  in  teie  Cannel  and 

Metal  Hands. 

Ft.  ln( 

At  Ellotiborough  Pit    9  10 

Crosby  Pit    0  7 

n  Aspatrin  ...   i       4  11 

t,  MialngaU1         im       ...       ...  4  G 
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There  is  hero  evidence  of  the  thinning  of  a  coal  seam  in  a  nort 
easterly  direction,  but  in  the  Yard  Baud  the  evidence  indicates  a  thickening 

in  that  direction,  as  shown  below: — 


TuicKHtssa  of  Yard  Baxd, 


At  Ellenborou^h,  Mary  port 
„  West  Pit,  Asjmtrin 
„  No.  3  Pit,  Asivitria 
H  Bolton  No.  2  Pit 


Ft.  In. 

2  3 

3  0 
I  9 
5  G 


Some  of  the  Beams  appear  to  thicken  toward  the  west,  as  for  example 
the  Six-quarters  Coal.  At  No.  2  Pit,  Cleator  Moor,  that  seam  is  only 
al>out  3  feet  thick,  whilst  at  Wellington  Pit,  Whitehaven,  ft  is  7  feet 
7  inches.    Then  a^ain  at  Melgramfitz  Pit  it  is  only  2  feet  1 1  inches, 

whilst  at  Jane  Pit,  Workington,  it  is  C  feet  5  inches. 

Sections  of  some  of  the  seams  have  already  been  given,  others  are 
follows  :■ — 


Yard  or  Main  Hand  of  Boltox. 


Master  Band  of  Bolto*. 


Ft.  |» 

ft  u 

COAL 

1  2 

COAL 

16 

Black  stone  ... 

0  4» 

Band 

  0  3 

COAL   

1  8 

COAL 

  1  6 

Parting   * 

Bawl 

  0  4 

COAL   

...       1  7J 

COAL 

  1  7 

Blink  stone  „. 

0  1» 

COAL 

...      0  7} 

6  6 

r>  2 

LiCEBANk-  Sham  of  GanrsorTiiBx. 

Ft  To 

COAL 

2  2 

White  metal 

0  8 

IN  air  k  metal 

0  2 

COAL,  inferior 

0  9 

Black  metal 

0  2 

COAL,  inferior  ... 

0  11 

4  10 


Little  Maim  Band  of  Billom  u 

Fv  la. 

Battler    0  4 

COAL    1  10 


2  3 


Six  Frit  8 RAX  or  Plutor  Moor. 
COAL  (witli  j  inch  parting)      3  0 

Black  metal  ,  IS 

COAL   I  t 

6  4 


•  Thi-«e  *!<       hn.ih  ■!;<qi|N-ur  in  the  direction  of  (SUctiii,  when'  thi«  •com  U  about 

3  fwt  thick,  and  clean  coal. 
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Occasionally  the  coal  scams  alter  into  what  is  known  as  "stone  coal/* 
The  seam  continues  of  its  full  thickness,  but  it  changes  in  mineral  character, 
a  great  part  of  the  bituminous  matter  giving  place  to  siliceous  aud 
aluminous  materials.  A  curious  case  of  this  kind  occurred  in  the  Crum- 
mock  Colliery. f  Similar  alterations  have  been  met  with  at  Aspatria 
West  Pit  and  elsewhere  in  the  district. 

Another  kind  of  interference  to  which  the  seams  are  liable  is  known 
as  a  "  nip."  The  coal  in  such  cases  becoming  greatly  reduced  in  thickness, 
or  perhaps  disappearing  altogether.  In  the  Main  Band  some  very 
extensive  "nips"  have  been  met  with,  especially  near  Isabella  Pit,  Work- 
ington, at  Camerton  Pit,  aud  at  G  revs  ou  then.  It  is  not  improbable  that 
these  nips  are  parts  of  one  great  nip  which  originally  had  a  direction 
corresponding  very  nearly  with  that  of  the  Derwent  Valley. 

FAULT*. 

The  field  is  intersected  by  an  immense  number  of  faults,  some  of 
which  arc  very  large.  The  most  important  are  shown  on  Plate  XXXII., 
Fig.  1,  and  also  in  the  Sections  Plates  XXXIV.,  XXXV.,  and  XXXVI. 
They  may  be  divided  into  two  sets;  one  set  having  a  direction  nearly 
east  and  west,  the  other  bearing  nearly  north  and  south.  As  in  other 
similar  areas  the  throw  of  these  faults  is  exceedingly  variable,  bo  that  it 
is  no  uncommon  thing  to  find  a  dislocation  of  40  or  50  fathoms  dying 
out  altogether  within  a  quarter  of  a  mile. 

Faults  having  an  Easterly  and  Westerly  Direction. — The 
largest  of  these,  of  which  the  throw  has  been  determined,  is  that  which 
separates  the  Cleator  Moor  coal-field  from  the  Haematite  areas  of  Cleator, 
An,  Section  1,  Plate  XXXI V,  At  Mr.  Stirling's  No.  4  Pit  this  fault  has  a 
throw  of  about  200  fathoms.  Parallel  to  it  there  is  another  very  large 
fault  passing  through  the  estates  of  Birks  and  Mowbray.  Both  of  them 
are  up  to  the  south, 

A  little  south  of  Wrcah  Pit  there  is  a  large  fault,  np  to  the  north, 
which  passes  along  the  valley  traversed  by  Dub  Beck. 

A  large  fault,  down  to  the  north,  and  of  an  unascertained  extent, 
passes  by  Maryport,  Crosby,  Aspatria,  and  High  Blatthwaite,  in  the 
Parish  of  Bolton.  This  fault  puts  in  the  St.  Bees  Sandstone,  which 
bounds  that  part  of  the  known  coal-field.  Sec  Gc,  Section  No.  2,  Plate 
XXXV.;  Dd9  Section  No.  4,  Plate  XXXIV.;  Ee,  Section  No.  5,  and  F/t 
Section  No.  6,  Plate  XXXVI. 

f  "  Notes  on  a  Singular  Transformation  of  the  Seams  of  Coal  into  Stone  at  Crum- 
mock  Colliery."  By  Williamson  IVilo.  Trans.  Nat.  His.  Sue.  Northumberland  and 
Durbam,  Vol,  ft,  pp.  178-180. 
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Another  large  fault,  also  down  to  the  north,  exists  on  the  opposite 
side  of  that  part  of  the  coal-field.  It  runs  from  near  Dearhara  Station 
by  Gilcrux  to  High  Hall,  near  Bolton  New  Houses.  The  throw  of  this 
fault,  at  Rosegill  Pit,  is  about  170  fathoms,  Gg%  Section  No,  3,  Plate 
XXSV.i  see  also  IJh,  Section  No.  4,  Plate  XXXIV.;  li.  Section  No.  5, 
and  Jj,  Section  No  C,  Plate  XXXVI, 

Faults  having  a  Northerly  and  Southerly  Direction. — A  lar^ge 
fault  having  this  direction  parses  through  Bigrigg,  putting  the  carboni- 
ferous limestone  there  into  horizontal  contact  with  the  SL  Bees  Sandstone, 

The  Overend  limestone  is  separated  from  the  St.  Bees  Sandstone, 
which  lies  to  the  eastward,  by  an  extensive  fault  having  this  direction, 
see  A7r,  Section  No.  1 ,  Plate  XXXIV.  Both  these  faults  are  up  to  the  wwL 

From  Micklam  Point  inland  by  Bonny  there  exists  a  large  fault,  np 
to  the  east,  which  at  Mick  lam  Pit  has  a  throw  of  about  125  fathom*, 
LI,  Section  No.  7,  Plate  XXXVI.  This  fault  throws  out  the  Main  Band 
on  the  east  and  brings  up  the  carboniferous  limestone  to  within  92  fathoms 
of  the  surface  at  Micklam  Pit.  By  a  parallel  fault,  also  np  to  the  east, 
the  Distington  Limestone  is  brought  to  the  surface,  J/m,  Section  No.  7, 
Plate  XXXVI. 

Most  of  the  other  faults  in  this  direction  are  up  to  the  «•«/.  A  large 
one  exists  on  the  oust  of  Old  Risehow  Colliery.  Its  throw  is  there  about 
180  fathoms.  Another  large  one  lies  on  the  west  side  of  Dcarham 
Colliery,  ami  there  are  a  number  of  others  passing  from  the  tuamati&e 
fields  of  Cleator  and  Frizington  northward  into  the  coal-field. 

Many  more  of  less  importance  exist  between  Gilcrux  and  Bolton,  tbey 
arc  less  extensive  than  thoBC  already  mentioned,  but  they  arc  all  shown 
on  Piute  XXXI L,  eo  thut  they  need  not  be  particularly  described  here. 

Some  of  the  east  and  west  faults  do  not  pass  up  through  the  Permian*, 
notably  the  large  fault  which  separates  the  Cleator  Moor  coal-field  from 
the  adjacent  haematite  area.  This  fault  appears  to  have  existed  ©Ten 
before  the  Whitehaven  sandstone  was  deposited,  as  that  fonnation  doca 
not  seem  to  lie  intersected  by  it.  Most  of  the  hirge  north  and  sooth 
faults  have  had  a  movement  since  Permian  times,  although  they  are 
probably  of  pre- Permian  origin. 

DIP  OF  STRATA. 

The  general  dip  of  the  Coal-measures  is  westward,  but  there  are  a  far 
exceptions,  At  Holtou  the  dip  is  northward.  At  Aspatria  Old  West  Pit 
it  is  towards  the  east.  The  Crosby  and  Gilcrux  collieries  are  in  a  sort  of 
trough,  ou  one  side  of  whidi  the  incisures  westward,  whilst  on  tbe 
other  they  incline  towards  the  east. 
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The  strata  at  ftcarham  form  half  a  basin,  so  that  on  the  north  side 
the  measures  have  a  southerly  dip,  on  the  east  they  incline  westward,  and 
on  the  south  side  they  dip  northward. 

At  Workington  the  measures  dip  northward,  whilst  in  the  Harrington 
Colliery  the  dip  is  eastward. 

Under  the  sea  there  arc  also  exceptions  to  the  general  dip.  At 
"Whitehaven  Colliery,  in  the  direction  of  Par  ton,  the  measures  incline 
toward  the  east.  So  they  do  at  Micklam  Pit.  This  easterly  dip  will 
doubtless  prevent  a  large  quantity  of  coal  being  wrought  under  the  sea, 
as  the  seams,  unless  thrown  down  by  a  succession  of  faults,  will  eventually 
crop  out  on  the  sea  bottom,  arid  the  working  must  necessarily  stop  some 
distance  short  of  the  outcrop.  In  the  principal  part  of  the  area  worked 
under  the  sea  at  Whitehaven  the  dip  is  normal,  that  is  westward,  so  that 
the  cover  increases  in  thickness  as  the  workings  are  pushed  seaward. 

The  amount  of  dip,  both  inland  and  under  the  sea,  is  variable,  being 
in  some  places  so  gentle  as  almost  to  appear  level,  whilst  in  other  cases 
the  rocks  are  inclined  at  an  angle  of  1  in  3.  The  average  dip  is  probably 
about  1  in  5  or  1  in  6, 

EFFECTS  OF  FAULTING,  TILTING,  AND  DENUDATION. 

One  of  the  principal  results  of  the  combined  action  of  these  three 
operations  is  the  great  variation  in  depth  at  which  the  various  seams  are 
found  in  different  parts  of  the  district.  For  example,  on  Broughton  Moor 
the  Cancel  and  Metal  Bands,  over  a  large  area,  are  quite  near  the  surface, 
whilst  at  Maryport  they  are  at  a  depth  of  about  1 40  fathoms.  These 
variations  will  however  be  better  understood  by  reference  to  the  longitu- 
dinal sections  herewith  than  by  any  amount  of  written  description. 

Another  result  of  the  first  importance  arising  from  these  causes  i,s  the 
diminished  area  of  the  coal-scams  as  compared  with  their  extent  originally. 
As  invariably  happens  the  upper  seams  have  suffered  most,  but  some  of 
the  lower  scams  have  also  been  denuded  over  extensive  areas.  The 
Main  Rind,  fur  instance,  is  absent  throughout  an  area  of  about  30  square 
miles,  that  is  for  about  one-third  of  the  extent  of  the  coal-field. 

One  of  the  most  curious  effects  of  these  operations  is  the  triangular 
piece  of  ground  worked  by  the  Crosby  and  Gilcrux  collieries,  which  has 
an  area  of  about  three-quarters  of  a  square  mile.  It  contains  all  the  seams 
in  the  field,  from  the  Ten -quarters  downwards,  and  also,  in  places,  some 
of  those  above  that  seam.  It  is  liounded  by  three  great  faults,  one  of 
thera  being  that  which  puts  in  the  Permians  on  the  north.  The  throw  of 
that  fault  has  not  yet  been  ascertained,  but  it  is  doubtless  great.  The 
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other  two  faults  have  eaeh  a  throw  of  about  170  fathoms  or  thereabout. 
One  of  these  separates  the  triangular  area  from  the  Dearham  district*  and 
the  other  cuts  off  that  of  Aspatria.  Both  of  them  throw  out  all  the  more 
important  coal-seams,  as  shown  in  Section  No.  fl,  Plate  XXXV-»  so  that 
there  is  no  workable  ground  or  any  value  for  some  distance  from  these 
faults  on  the  upside  of  them. 

In  connection  with  this  subject  the  small  limestone  areas  of  D  Islington 
and  Overend  may  be  mentioned.  The  exposure  of  this  rock  over  such 
limited  areas  almost  in  the  very  heart  of  the  coal-field  is  interesting,  as 
showing  the  enormous  amount  of  denudation  that  has  been  effected,  and 
also  how  faults  of  great  throw  are  sometimes  of  small  extent  longitudinally. 

Another  point  worthy  of  notice  is  the  absence  of  Whitehaven  Sand- 
stone over  a  large  belt  of  ground  extending  from  the  sea  coa*t  between 
Parfcon  and  Workington  to  the  outcrop  of  the  coal-field  between  UUock 
and  Dovenby.  This  seems  to  be  a  continuation  of  the  great  east  and  west 
anticlinal  which  pisses  through  Skiddaw,  and  to  have  resulted  from  the 
same,  or  at  any  rate  some  of  the  same  series  of  upward  movements.  The 
removal  of  St.  Bees  Sandstone  from  a  large  part  of  the  known  coal-field 
between  Maryport,  Bullgill,  Clcator,  and  Whitehaven  is  doubtless  due  to 
the  same  cause,  combined,  of  course,  as  in  the  case  of  the  removal  of  the 
Whitehaven  Sandstone,  with  denudation. 

8UB-PERMIAN  AND  SUB-MARINE  EXTENSION. 

By  reference  to  the  section  of  Whitehaven  Colliery  in  Plate  XXXIV,, 
it  will  bo  seen  that  the  Coal-measures  have  been  proved  to  extend  for  a 
considerable  distance  in  below  the  Permiana,  In  fact  they  have  been 
very  extensively  worked  under  those  rocks.  The  borehole  at  St.  Beta 
proved  them  to  extend  so  far  under  the  Pcrniiaus,  but  south  of  8t.  Beta, 
their  existence  is  a  speculative  matter.  There  is  no  positive  data  to  work 
upon.  If  the  great  fault  which  throws  out  the  Cleator  Moor  coal-field  on 
the  south  extends  as  fur  westward  us  is  shown  nn  Plate  XXXII..  ihe 
Whitehaven  coal-field  will  also  be  terminated  by  it,  and  the  Coal-measure* 
on  the  south  side  of  that  fault  will  he  shifted  along  way  seaward.  In  any 
case,  however,  it  seems  probable  that  the  Bannock  Band  and  Main  Band 
will  gradually  approach  one  another  toward  the  south,  and  eventually  form 
one  large  seam. 

In  the  area  occupied  by  the  Permiana  north  of  the  great  fault, 
extending  from  Maryport  by  Aapatriu  to  High  Blaithwaite,  the  existence 
of  the  Coal-measures  has  not  yet  been  proved,  but  there  am  be  no  doubt 
that  they  do  i  \M.     The  only  point  uWmt  which  there  can  U?  any  doubt 
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is  the  depth  ut  which  they  will  be  found.  Fur  the  purpose  of  settling: 
this  point  a  ljorehole  was  put  down  in  the  quarry  near  Allerhy  Hall  on 
the  north  or  down  side  of  the  fault,  It  passed  through  the  Perm  inns,  and 
also  through  the  Whitehaven  Sandstone,  reaching  the  Lower  Coal-measures 
at  a  depth  of  53  fathoms  I  foot  (J  inches,  but  it  app  ars  to  have  been  too 
near  the  fault,  and  consequently  to  have  passed  thrnu^h  it  into  the  rocks 
on  the  up  side.  The  Whitehaven  Sandstone  on  the  up  side  has  been 
proved  to  have  a  thickness  of  50  fathoms  near  the  Maryport  and  Carlisle 
Kuilway,  east  of  Bullgill  station,  and  it  is  probably  inueh  thieker  to  the 
northward  over  the  centre  of  the  trough  in  the  L  r  Coal-measures. 
The  rocks  thence  rising  toward  the  great  fault  will  probably  reduce 
the  thickness  of  the  Whitehaven  Sandstone  until  it  is  again  about  50 
fathoms,  adjoining  the  fault  on  the  south,  so  that  the  borehole  in 
Allerhy  Quarry  must  have  passed  through  the  fault.  Another  attempt 
to  get  into  the  coals  l>eyond  this  fault  was  made  at  Elleuborough 
Colliery,  Maryport,  a  few  years  ago.  From  the  Ten-qnartcrs  Seam, 
at  a  depth  of  120  fathoms  from  the  surface,  a  drirt  was  put  through  the 
fault  for  about  21  feet,  but  it  only  met  with  red  sandstone,  probably 
Whitehaven  Sandstone.  There  does  not  appear  to  have  been  a  borehole 
put  down  from  that  drift,  nor  any  means  taken  to  ascertain  the  position 
of  the  Lower  Coal-measures  below,  so  that  beyond  fixing  the  minimum 
amount  of  "throw,1*  the  exploration  proved  very  little.  The  question  may 
therefore  Ix;  regarded  as  still  unsettled.  But  it  may  lie  safely  said  that, 
whatever  is  the  depth  of  the  Lower  Coal-measures  just  over  the  fault, 
that  depth  will  be  greatly  increased  toward  the  dip*  It  is  known  that  at 
Mealsgate  the  Whitehaven  Sandstone  is  certainly  close  upon  800  feet  thick, 
and  there  is  reason  to  suppose  that  it  will  be  very  much  thicker  below  the 
Permians  to  the  north,  for,  as  will  be  seen  on  reference  to  Section  No.  6, 
Plate  XXX YL,  it  increases  in  thickness  rapidly  toward  the  dip.  A  bore- 
hole put  down  in  Kelswick  Moss,  near  Abljcy  Town,  proved  the  Upper 
Cypscous  Shales  to  extend  to  a  depth  of  938  feet.  Below  these  shales 
came  the  St.  Bees  Sandstone,  until  1,020  feet  was  reached,  when  the 
bore -was  stopped.  The  total  thickness  of  the  St.  Bees  Sandstone  there 
will  probably  be  several  hundred  feet.  Then  the  Whitehaven  Sandstone 
has  to  be  pierced,  so  that  altogether  it  is  likely  that  at  Ablicy  Town 
the  Lower  Coal-measures  will  not  be  reached  at  a  less  depth  than  about 
2,000  feet. 

When  the  Coal-measures  have  been  proved  under  these  Permian  rocks 
there  will  still  remain  one  very  important  matter  to  settle,  and  that  is 
their  extent.    How  far  they  continue  under  the  sea  or  in  the  direction  of 
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Canobie  is  a  matter  of  mere  speculation  at  present,  and  can  only  be 
settled  by  the  borer  and  miner.  But  it  would  appear  from  the  way  in 
which  the  Whitehaven  .Sandstone  cuts  off,  erne  after  another,  the.  seams  in 
the  lower  measures  between  Maryport  and  Bolton  Low  Houses,  that  the 
coal-field  cannot  extend  farther  than  Carlisle,  nnder  the  Pennians,  until  all 
the  more  important  seams  are  cut  out  altogether.  At  Maryport  the  base 
of  the  Whitehaven  Sandstone  is  08  fathoms  above  the  Yard  Band,  and  at 
Mealsgate  it  is  only  11  fathoms  above  that  Beam,  so  that  if  the  uncon- 
formity thus  indicated  continues,  the  Yard  Band  will  soon  disappear, 
as  the  seams  above  it  have  gone  before;  and  then  in  succession  will  be  cut 
off  the  Six-quarters  Band  and  the  seams  corresponding  to  the  Four-feet 
Coal  and  the  Udalc  Band  of  Harrington,  The  Canobie  coal-rjeld, 
according  to  Professor  Geikie,  is  very  much  lower  in  the  Carboniferous 
system  than  the  true  Coal-measures,  so  that  the  existence  of  that  small 
patch  of  coal -bearing  strata,  contrary  to  the  supposition  of  Dunn  and 
others,  affords  no  evidence  whatever  of  the  north-easterly  extension  of 
the  Cumberland  Coal-field. 

How  far  the  coal-field  may  extend  northward  under  the  Permians 
of  the  Sol  way,  it  is  impossible  to  say,  it  is  only  known  at  present  that 
as  the  lower  measures  approach  the  great  fault  which  puts  in  the  Perm) 
they  increase  in  thickness,  the  overlying  Whitehaven  Sandstone  occurr 
at  a  less  angle  than  the  Lower  Coal-measures,  so  that  higher  aud  higher 
seams  appear  in  these  latter  rocks  the  nearer  the  dip  is  approached. 

It  is  probable  that  the  seams  will  be  further  apart  under  the  Permian.'* 
north  of  Aspatria  and  Bolton  than  they  are  in  the  known  coal-field*  and 
it  is  almost  certain  that  some  of  them,  notably  the  Cannel  and  Metal 
Bands,  will  be  so  small  as  to  be  unworkable. 

Jn  the  direction  of  the  Isle  of  Man  there  is  also  very  little  information. 
The  most  that  can  at  present  be  said  is  that  as  far  as  the  workings  of  the 
Whitehaven  colliery  under  the  sea  have  yet  been  prosecuted  the  strata  still 
dip  uestwiird.  Before  the  Coal-measures  disappear  it  is  probable  that  tuts 
dip  will  gradually  become  less  and  less  until  the  strata  are  level.  Then 
they  will  most  likely  rise  toward  th"  L-a-t,  and  cither  crop  out  at  the 
bottom  in  the  direction  of  the  Isle  of  Man,  where  it  is  known  thai  Ixr 
Cartoniferous  rocks  exist;  or  the  coal-field  might  be  suddenly  cut  off  by 
a  lar^e  fault,  as  at  Cleator  Moor. 

Much  more  might  be  said  on  this  subject,  but  wanting  a  sufficient 
foundation  of  fact  the  superstructure  could  only  be  regarded  with 
suspicion. 
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The  President  said,  lie  was  sure  every  one  of  the  members  must  feel 
very  much  obliged  to  Mr,  Kendall  for  having  presented  such  a  valuable 
and  interesting  paper  to  the  institute,  more  especially  as  they  were  to  pay 
a  visit  on  Friday  to  a  portion  of  the  coal-fi  eld  described.  He  would  Le  very 
glad  to  hear  any  observations  anyone  might  wish  to  make  on  the  subject 
of  the  paper,  and  any  explanations  required  would  be  readily  given  by  Mr. 
Kendall.  As  having  a  l>earing  on  the  same  subject,  he  also  begged  to 
call  attention  to  the  paper  that  was  to  follow  on  "The  Earl  of  Lonsdale's 
Mines  at  Whitehaven,"  by  Mr.  <!,  11,  Liddell,  and  there  was  also  down  for 
discussion  a  former  paper  of  Mr.  Kendall  son  "The  Hematite  Deposits  of 
Furncss/' 

Mr.  Kexdall  said,  with  reference  to  the  last-mentioned  paper,  they 
would  see  he  had  produced  for  inspection  a  number  of  carboniferous  fossils 
in  pure  haematite,  also  a  number  of  thin  sections  of  haamatitc,  which,  he 
had  no  doubt,  would  prove  very  interesting  to  them  on  examination 
through  the  microscope. 

Mr.  W.  H.  Hedlev,  in  opening  the  discussion  on  Mr.  Kendall's  paper 
on  <4The  Cumberland  Coal-field,"  asked  if  the  throw  of  the  fault  running 
from  Maryport  towards  Aspatria  had  been  definitely  proved  ? 

Mr.  Kendall  explained,  from  the  sections  produced,  the  nature  and 
extent  of  the  fault,  and  added  that  the  bore-hole  put  down  in  Kelswick 
Moss  to  a  deptli  of  1,020  feet  passed  through  the  red  rocks  and  stopped 
there,  without  the  coal-measures  being  found;  and  the  other  bore,  made 
for  a  depth  of  Co  fathoms,  passed  through  the  Permians,  but  it  was  too 
near  the  fault  which  brought  those  into  horizontal  contact  with  the  coal 
measures  to  definitely  settle  the  question  of  the  depth  to  which  the  coal- 
field was  thrown  down.  He  had  no  doubt,  however,  that  the  coal- 
measures  were  to  be  found  in  the  area  occupied  by  the  Permians  north  of 
the  fault  referred  to. 

Mr.  Hedley  said,  Mr.  Kendall  had  shown  it  was  a  dip  fault,  and  that 
bei  ng  so  there  tnust  be  some  coal  to  the  north  of  the  fault,  under  the 
Permians. 

Mr.  Kendall  replied,  that  undoubtedly  that  was  the  case. 

Mr.  T.  P.  MAHTfN  said  he  was  glad  this  paper  had  been  read  by 
Mr.  Kendall.  The  C  mn!)erland  Coal-field  was  admitted  on  all  hands  to 
be  a  difficult  one  to  work;  and  it  had  been  felt  by  those  connected  with 
the  collieries  in  West  Cumberland,  and  especially  by  strangers,  that  there 
was  a  great  dearth  of  reliable  information  as  to  the  nature  of  the  field  and 
the  relationship  of  the  seam  in  different  localities.    The  paper  just  read 
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supplied  a  large  amount  of  the  information  required,  and  it  would,  no 
doubt,  be  the  means  of  bringing  to  light  more,  and  classifying  it  into 
useful  form.  Another  value  to  be  attached  to  the  paper  was  that  it 
would  probably  assist  in  the  establishment  of  the  Institute  in  that  district* 
The  subject  was  one  of  peculiar  local  interest,  and  he  would  like  to 
suggest  that  the  paper  l>e  discussed  at  a  meeting  of  local  members  either 
at  Workington  or  Whitehaven,  He  did  not  wish  to  ask  for  Home  Rule 
altogether,  but  he  certainly  thought  tt  would  be  a  good  thing  if  they  had 
a  meeting  or  two  in  that  district,  as  it  was  not  always  possible  or  con- 
venient for  local  member*  to  travel  so  far  as  Newcastle.  It  wonld  be 
almost  impossible  to  discuss  the  paper  at  any  length  until  it  was  in  the 
hnnds  of  members  in  a  printed  form,  so  that  they  might  look  carefully 
through  it  and  hunt  up  further  data  on  the  subject  to  see  how  it  compare* 
with  what  Mr.  Kendall  had  stated.  With  reference  to  Mr,  Kendall's 
opinion  that  the  Bannock  Band  of  Whitehaven  was  the  same  scum  as  tin* 
Rattler  Band  of  the  Clifton  and  Maryport  district*,  he  believed  that  it 
was  the  view  expressed  many  years  ago  by  the  late  Mr.  Isaac  Fletcher,  a 
gentleman  intimately  acquainted  with  the  Cumberland  Coal-field,  and  the 
statements  made  by  Mr.  Kendall  appeared  to  strengthen  this  view.  With 
respect  to  Mr.  Kendalls  remarks  on  the  unconformity  of  the  Whiteliavw 
sandstone,  there  appeared,  from  the  in  formation  brought  forward,  to  be 
room  for  doubt  on  the  point*  It  would  be  noticed  from  the  diagrams 
that  the  idea  was  to  prove  the  unconformity  by  its  distance  above  certain 
seams  of  coal  in  different  localities;  but  so  long  as  the  question  rested  on 
the  co-relation  of  seams  in  this  way  I  lie  evidence  was  to  some  extent 
unsatisfactory.  In  a  paper  read  by  the  late  Mr.  Isaac  Fletcher  before  the 
Archaeological  iSociety,  some  years  ago,  he  endeavoured  to  prove  ita 
unconformity  by  its  distance  above  the  Sis-Quarter  Seam  at  Whitehaven* 
and  the  distance  above  the  scam  worked  at  Dean  Moor,  which  he  (Mr. 
Fletcher)  supposed  to  be  the  Six-quarter,  but  about  which  there  waa  aa 
jet  considerable  uncertainty.  He  also  noticed  that  on  the  diagram*  the 
Beam  worked  at  Mcalsgatc,  and  called  there  the  Main  Band,  was  shown  as 
being  the  Yard  Band,  but  so  far  as  he  was  aware  the  seam  had  not  bean 
traced  in  anything  like  an  nnbrukeu  line,  nnd  the  section  of  the  team,  aa 
worked  at  the  Allhnllows  Colliery,  certainly  varied  very  mnch  in  many 
respects  from  any  section  of  the  Yard  Baud  that  had  come  under  his  notice, 
Mr.  Kendall  had  also  stated  that  the  Udale  Band  had  been  proved  at 
Workington,  underlying  the  Main  Band  at  a  depth  of  77  fathoms,  and  bo 
(Mr,  Martin)  would  like  to  know  whether  that  had  been  proved  by  boring 
or  sinking? 
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Mr.  Kendall  replied,  that  it  had  been  proved  hy  boring. 

Mr.  Martin  said  as  far  as  he  knew,  there  was  no  direct  boring  from  the 
Main  Band  to  the  Udale  Band  at  Workington,  However,  he  did  not 
think  it  would  be  wise  to  take  up  any  more  time  in  the  discussion  until 
they  had  Mr.  Kcndatrs  paper  placed  in  their  hands, 

Mr.  J.  Daqlish  said,  that  the  paper  appeared  to  contain  one  or  two 
points  of  very  deep  interest  to  those  carrying  on  colliery  operations  on 
this  coast.  With  reference  to  Mr.  Kendall's  remarks  as  to  the  uncon- 
formity to  the  coal-measures,  he  wished  to  ask  him  whether  the  view  he 
adopted  was  generally  recognised  by  geologists,  or  whether  his  theory  was 
stated  now  for  the  first  time  ?  He  also  wished  to  ask  whether  any  of  the 
large  faults  were  clearly  traced  through  the  Permian  measures  ?  He  might 
mention  that  on  the  East  Coast  there  was  some  little  doubt  and  difference 
of  opinion  as  to  the  exact  character  of  the  red  rocks  immediately  over- 
lying the  coal-measures;  but  the  generally  entertained  opinion  was  that 
they  formed  the  upper  series  of  the  true  coal- measures,  and  that  conclusion 
was  borne  out  by  the  fact  that  the  fossils  found  there  were  coal- measure 
fossils.  Some  persons,  moreover,  hold  the  view  that  over  the  greater 
part  of  the  Eastern  Coal-field  the  red  rocks  are  simply  the  reddened 
edges  of  the  true  coal  measures,  as  they  approach  and  under-lic  the 
Permians. 

Mr.  G.  H.  Liddell  drew  Mr.  Martin's  attention  to  the  following 
extract  from  the  "Archaeology  of  the  West  Cumberland  Coal  Trade/' 
by  Mr.  Isaac  Fletcher,  page  3 : — 

The  west  dip  again  brings  into  view,  on  the  coast  section,  near  Barrowmouth,  the 
Whitehaven  sandstone  before  alluded  to.  This  peculiar  sandstone  was  first  described 
many  years  ago  by  Professor  Sedgwick,  who  considered  it  as  the  local  representative  of 
the  Permian  sandstone,  this  opinion  being  chiefly  based  on  the  fact  that  it  is  uncon- 
formable to  the  coal-measures  which  it  overlays.  This  proves  that  it  was  deposited  at 
a  period  probably  long  subsequent  to  the  formation  of  the  regular  coal- measures-  The 
more  recent  researches  of  geologists  seem  to  establish  conclusively  that  this  sandstone 
cannot  he  ranked  among  the  Permian  rocks,  because  at  two  collieries  near  Mary  port  two 
workable  seams  of  coal  have  been  found  above  this  sandstone,  and  one  of  thein — the 
Senhouse  High  Scam — has  been  worked  near  Maryport,  where  it  was  found  upwards  of 
three  feet  thick.  At  Mr.  Wilson's  Pit  in  Flimby  Wood  the  Senhouse  High  Seam  was 
found,  and  underneath  it  the  pit  was  sunk  through  seventeen  fathoms  of  Whitehaven 
sandstone.  At  Whitehaven  these  seams  have  not  been  found,  and  its  thickness,  where 
it  is  not  diminished  by  denudation,  may  be  taken  to  be  the  same  as  at  Flimby,  vi«.» 
seventeen  fathoms.  To  illustrate  its  uncoil  form  ability  to  the  regular  coal-measures,  I 
may  mention  that  at  William  Pit  it  is  140  fathoms  above  the  aii*quarter  scam,  whilst 
at  Dean  Moor,  about  six  miles  distant  in  a  north-east  direction,  it  is  only  twenty-five 
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fathoms  above  the  snmc  scam,  and  in  the  inter  mediate  country  It  U  found  iu  varying 
relations  to  the  underlaying  coal  seams.  It  contains  many  of  the  coal  plant*  found  in 
the  regular  measure*.  It  may  perhaps  be  more  properly  described  as  a  secondary  car- 
boniferous formation!  intermediate  between  the  main  carboniferous  series  and  the 
Permian  rocks  reposing  upon  it. 

Mr.  Martin  said  he  was  aware  that  Mr.  Fletcher  based  his  opinion  on 
the  theory  that  the  Six* quarter  Seam  at  Whitehaven  watt  the  same  seam 
as  that  worked  at  Dean  Moor ;  but,  with  all  due  respect  to  Mr.  Fletcher, 
he  doubted  very  much  whether  the  seam  at  the  latter  place  was  the  Six- 
quarter  Seam  at  all.  His  opinion  was  that  it  was  not.  He  was  aware 
that  it  was  the  generally  received  opinion  that  the  sandstone  was  uncon- 
formable to  the  true  coal-measures,  but  thought  the  evidence  produced  so 
far  not  altogether  satisfactory;  and  what  he  should  like  to  know  was 
whether  at  any  point  direct  unconformity  had  been  proved  ?  that  is,  where 
the  up-turned  edges  of  the  lower  measures  are  overlaid  by  more  horizontal 
strata  of  Whitehaven  sandstone. 

Mr.  J.  8,  Dixon  thought  it  might  prove  interesting  to  them  to  know 
that  in  Scotland  the  upper  coal-measures  were  chiefly  sandstone*  of  * 
red  colour,  such  as  referred  to  by  Mr.  Martin  as  being  found  in  the 
Cumberland  coal-field,  and  also  that  coal-measure  fossils  were  found  in 
these* 

Mr.  Kendall,  in  replying  on  the  discussion,  said  with  reference  to 
Mr.  Martin's  remarks  as  to  the  unconformity  of  the  Whitehaven  sandstone, 
he  might  mention  that  the  views  he  had  stated  on  this  point  that  day 
were  not  new,  as  he  had  made  similar  statements  about  the  unoonfor* 
inability  of  the  Whitehaven  sandstone  five  years  ago  in  his  paper  oa 
"The  Haematite  Deposits  of  Cumberland,"  and  geologists  appeared  to  be 
perfectly  satisfied  ou  the  point.  The  determination  of  the  unconformity 
did  not  rest  alone  upon  the  identification  of  coal  seams  in  different  parts 
of  the  district,  but  was  also  shown,  and  indeed  more  clearly,  by  the  fact 
already  pointed  out  in  the  paper,  that  the  sandstone  in  some  parts  of  the 
district  rested  directly  ou  the  millstone  grit,  whilst  in  other  areas,  as  at 
Croft  Pit,  it  was  separated  from  that  formation  by  the  whole  thickness  of 
the  Lower  Coal-measures.  The  Main  Band  of  Bolton  is  certainly  not 
the  same  seam  as  the  Main  Band  of  Workington,  Whitehaven,  and 
Cleator  Moor,  but  identical  with  the  Yard  Band  of  Aspatria,  Gilcrux, 
and  Cleator  Moor.  It  is  called  Main  Band  about  Bolton  because  It  is  the 
main  hand,  in  the  sense  that  it  is  the  most  important  seam  there,  whilst 
ths  Main  Band  of  other  parts  of  the  district  is  su  split  up  in  the  neigh* 
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bourhood  of  Mealsgate  and  Bolton  that  it  is  of  very  little  value.  A  great 
many  of  the  faults  found  in  the  coal-field  did  not  pass  through  the 
Permiaii8,  but  stopped  at  the  top  of  the  Coal-measures. 

The  President,  in  proposing  a  hearty  vote  of  thanks  to  Mr.  Kendall 
for  his  interesting  paper,  said  he  considered  the  suggestion  made  by  Mr. 
Martin  for  the  establishment  of  the  Institute  in  that  district  and  for  the 
occasional  holding  of  meetings  was  a  very  good  one,  and  would  be  worthy 
of  a  trial.  He  also  pointed  out  that  the  acquaintance  of  the  members 
with  the  different  districts  they  made  their  study  would  become  much 
more  rapid  if  each  of  the  different  seams  was  called  and  generally  known 
by  one  and  the  same  name,  instead  of  by  different  names. 

Mr.  Daglish  seconded  the  vote  of  thanks,  which  was  unanimously 
agreed  to. 


Mr.  Liddell  then  read  the  following  paper  "  On  the  Whitehaven 
Collieries." 
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In  the  following  paper  the  writer  proposes  to  give  a  brief  description  of 
the  Earl  of  Lonsdale's  collieries  at  Whitehaven,  80  as  to  enable  the 
members  of  this  Institute  to  form  a  ireneral  idea  of  what  they  are  going 
to  see  in  their  forthcoming  visit. 

Whitehaven  collieries  occupy  the  south-western  portion  of  the  West 
Cumberland  coal-field,  and  the  coal  scams  are  there  found  in  greater 
perfection  than  elsewhere  in  the  same  district.  The  three  principal  seams 
are  : — the  Bannock  Baud,  the  Main  Hand,  and  the  Six-quarter  Band,  of 
which  the  sections  and  depths  at  the  Wellington  Fit,  Whitehaven,  are  as 
follows : — 

Ft.  In*-  Fin*, 

Bannock  Band    7    11    at  74 

Main  Band     10     7  CM? 

Six-quarter  Band   7     7    „  139 

The  Main  Band  is  the  most  important  of  the  three,  and,  with  the 
exception  of  about  0  inches  of  metal  and  little  coal  in  the  middle  of  the 
seam,  is  all  of  good  quality. 

The  workings  at  present  l>cing  carried  on,  are  almost  all  going  west- 
ward  under  the  sea,  and  extend  from  two  to  three  miles  from  the  shafts. 

The  general  dip  of  the  strata  is  to  the  south-west,  and  being  at  a 
steeper  gradient  than  the  sea  bed,  the  cover  thickens  rapidly  in  thut 
direction. 

There  are  three  pits  now  drawing  coals,  viz.,  William  Pit,  which  is  on 
the  north  side  of  Whitehaven  Harbour,  Wellington  Pit  on  the  south  side, 
and  Croft  Pit,  which  is  near  the  coast,  about  two  miles  further  south. 
The  last-named  pit  was  sunk  in  the  year  177fj,  and  has  worked  con- 
tinuously ever  since. 

At  William  Pit  the  three  seams  are  all  being  Worked,  and  at  Wellington 
and  Croft  Pits  the  Main  Band  only.  As  nearly  as  can  l>e  ascertained  the 
coal  first  began  to  be  worked  by  Sir  Christopher  Lowther,  an  ancestor  of 
the  Earl  of  Lonsdale,  a  bout  the  year  162G\ 
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A  valley  runs  between  Whitehaven  and  St.  Bees  which  is  al>mt  five 
miles  south  of  the  former,  in  which  the  Bannock  and  Mam  Bands  crop 
out,  and  it  is  at  the  outcrop  of  the  former  that  the  first  workings  appear 
to  have  taken  place. 

The  seams  are  worked  in  pillars  20  yards  square,  which  are  afterwards 
either  split  or  entirely  taken  out,  according  to  the  thickness  of  the  cover. 
Under  the  sea  the  latter  varies  from  about  50  to  250  fathoms.  The 
usual  way  of  opening  out  a  district  is  to  drive  a  pair  of  level  ends  or 
headways  from  the  main  road,  turn  away  boards  to  the  rise,  six  yards 
wide  and  twenty  yards  apart,  and  hole  over  pointings  or  w  alls*  off  and  on, 
of  the  same  width  and  distance  apart  as  the  hoards. 

The  baggers,  or  hewers,  trail  or  put  their  own  coals  in  wooden  bogies 
from  the  faces  of  their  workings  to  a  platform  on  the  level  end,  catted  a 
stcar,  from  which  the  coals  are  shot  into  iron  tubs  on  the  rollejway,  and 
led  by  horses  to  the  engine  plane. 

Until  a  few  years  ago  the  haulage  in  the  Main  Band  at  William  Pit 
was  done  entirely  by  horses,  of  which  there  were  at  one  time  110  in  the 
pit,  the  coal  being  ted  to  the  shaft  in  baskets,  in  some  instances  a  distance 
of  four  miles. 

The  greater  part  of  this  work  is  now  done  by  compressed  air.  There 
are  two  separate  compressing  engines  on  the  Burface,  built  by  Messrs. 
Hathorn,  Davis,  and  Davey,  and  fitted  with  their  differential  gear.  Thej 
arc  direct-acting,  and  without  cranks.  The  steam-cylinders  are  32  inches 
in  diameter,  and  the  air-cylinders  3fi  inches  in  diameter;  length  of  stroke 
8  feet.  There  is  a  water-jacket  on  each  air-cylinder,  ia  addition  to  which 
water  is  injected  inside  the  cylinders  at  each  stroke,  and  the  air,  which  is 
pressed  at  So  lbs.,  is  thus  kept  quite  cool. 

Fur  several  reasons,  which  will  be  apparent  to  those  members  who 
inspect  the  compressors,  the  writer  does  not  recommend  this  furin  of 
engine  for  compressing  air.  The  compressed  air  is  conveyed  down  the  pit 
and  in-hyc  through  a  range  of  8-iuch  pipes,  abont  4,000  yards  in  length. 
The  main  engine  plane,  which  is  a  little  over  3,000  yards  long,  and  is 
driven  water-level,  is  worked  by  two  double  12-inch  engines,  hnilt  by 
Messrs.  Fowler,  of  Leeds,  one  l*ing  fixed  at  each  end  of  the  plane.  This 
system  the  writer  believes  to  Iw  much  preferable  to  using  a  tail-rope,  as 
amongst  other  things  it  is  of  great  advantage  to  have  the  air-pressure 
at  the  in-bye  end,  ready  to  he  used  for  any  local  purpose  for  which  it 
may  be  required  The  tubs  are  ran  in  sets  of  40,  and  carry  12  cwta. 
each. 
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Besides  the  two  engines  above-named  there  are  two  other  hauling 
engines  working  branch  mads,  and  three  small  engines  pumping  water  at 
different  parts  of  the  pit.  The  signalling  on  the  main  engine-plane  is 
done  by  electric  tells. 

In  the  Six-quarter  at  William  Pit  there  is  a  short  engine-plane  worked 
with  main  and  tail-ro]>es,  worked  by  a  small  steam  hauling  cngiuc  with 
multitubular  boiler  placed  at  the  shaft  bottom. 

At  Wellington  and  Croft  Pits  the  engine-planes  go  in  the  direction  of 
the  dip,  and  are,  respectively,  one-and-a-half  and  two  miles  long.  They 
are  each  wurked  with  a  single  rope  by  a  steam  hauling  engine  fixed  on 
the  surface,  the  empty  tubs  taking  the  rope  iu-bye  by  force  of  gravity. 

At  Wellington  Pit  the  engine-plane  cannot  be  extended  further 
in  this  manner,  owing  to  a  rise-fault  running  north  and  south. 

To  overcome  this  difficulty  a  hauling  engine,  which  is  to  l>e  worked 
by  compressed  air,  is  being  put  down  at  the  in-bye  end  of  the  workings, 
and  is  intended  to  work  in  connection  with  the  steam  engine  on  the 
surface,  similarly  to  the  manner  described  in  William  Pit  Main  Band. 

The  great  bulk  of  the  water  met  with  in  the  collieries  runs  out  of 
day-drifts,  which  are  driven  from  the  sea  level.  A  certain  quantity, 
however,  finds  its  way  into  the  workings  under  the  sea,  and  this  is  pumped 
by  engines  placed  at  William  and  Wellington  Pits.  William  Pit  pumping 
engine,  which  was  built  in  the  year  1810,  is  an  atmospheric  one,  with 
open-topped  cylinder  of  80  inches  diameter  and  8-foot  stroke.  There 
are  four  12-iuch  lifting  sets  in  the  pit,  all  at  the  opposite  end  of  the 
pumping  beam.  The  steam  pressure  under  the  piston  is  only  a  few 
pounds,  as  the  weight  of  the  rods  brings  up  the  piston,  and  the  atmos- 
pheric pressure  does  the  work  of  pumping  the  water. 

At  Wellington  Pit  there  is  a  Cornish  pumping  engine  with  90-inch 
cylinder  and  10- foot  stroke,  which  was  fitted  a  few  years  ago  with  Davey'B 
differential  gear  and  separate  condenser. 

The  cylinder  is  placed  above  the  pumping  beam,  and  at  the  opposite 
end  there  are  three  "20-inch  sets  of  pumps,  the  two  top  ones  being  forcing 
sets  of  57  fathoms  each,  and  the  bottom  one  a  lifting  set  of  25  fathoms* 
Originally  this  engine  was  worked  at  high  pressure,  steam  being  admitted 
on  the  top  side  of  the  piston  only.  The  steam  lifted  the  forcing-rods 
and  pumped  the  water  in  the  lifting  set,  and  in  the  return  stroke  the 
weight  of  the  rods  pumped  the  water  in  the  forcing  Bets.  Since  the 
condenser  has  been  applied,  the  steam,  after  doing  its  work  on  the  top 
side  of  the  piston,  has  access  to  the  low  aide  and  to  the  condenser  during 
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the  upward  stroke,  when,  of  course,  the  pressure  is  the  same  on  both 
sides.  During  the.  downward  stroke  the  vacuum  comes  iuto  play  below 
the  piston  and  so  economises  the  steam -pressure. 

The  three  pits  in  the  Main  Band  are  each  ventilated  by  a  36-foot 
Guibal  fan  with  duplicate  engines,  and  the  Six-quarter  is  ventilated  by 
a  small  furnace.  It  may  be  interesting'  here  to  observe  that  the  system 
of  "coursing  the  air"  was  first  adopted  at  these  collieries  about  the 
beginning  of  last  century  by  the  then  manager,  Mr.  Carlisle  Spedding. 
He  also  invented  the  Steel  Mill. 

Not  much  fire-damp  is  met  with  in  ordinary  working,  but  when  a 
new  district  is  tapped,  it  sometimes  gives  off  a  very  large  quantity  for 
a  considerable  time. 

NATURE  OF  SEAMS. 

The  three  seams  before-mentioned  are  all  of  good  quality  for  househ 
and  stenra  purposes.    They  also  make  good  coke,  but  the  Six-quarter  is 
the  best  for  that  purpose. 

In  former  years  the  small  coal  was  such  a  drug  in  the  market  that  it 
frequently  had  to  be  teemed  into  the  sea.  Now  that  its  value  for  coking 
has  been  ascertained,  Lord  Lonsdale  is  building  a  range  of  78  coke-oven*, 
of  the  bee-hive  pattern,  near  William  Pit.  About  25  of  these  are  now  at 
work,  coking  the  small  from  all  the  scams,  which  is  washed  in  a  Shcppard  « 
machine. 

In  spite  of  the  large  quantity  of  coal  which  has  been  worked  during 
the  last  three  centuries,  the  supply  yet  available  seems  practically  un- 
limited. To  the  seaward  the  seams  appear,  if  anything,  to  improve  in 
quality  and  do  not  decrease  in  thickness,  and  there  is  a  very  large  am 
untouched,  to  the  south  of  the  present  workings,  as  is  proved  by  a 
borehole  which  was  put  down  near  St.  Bees,  a  few  years  ago,  with  the 
diamond  borer. 

The  Bannock  Band  was  there  found  to  be  8  feet  thick  at  a  depth  of 
230  fathoms  and  the  Main  Band  7  feet  9  inches  thick  at  239  fathoms. 
How  far  the  coal  may  extend  under  the  New  Red  Sandstone  which 
overlies  it,  it  ib  impossible  to  ML 

In  conclusion,  it  may  bo  said  that  the  town  of  Whitehaven,  which  lias  a 
population  of  about  20,000  inhabitants,  owes  its  existence  entirely  to  ibo 
coal  trade,  and,  so  far  from  there  Wing  any  likelihood  of  a  diminution  of 
that  t  rade,  Lord  Lonsdale  is  now  building  J  04  additional  colliery  cottages 
near  to  the  town. 


HARROW  MEETING — PROCEBDINGR 


Mr.  Dagllsh,  in  moving  a  vote  of  thanks  to  Mr.  Lidddl  fur  his  paper, 
which  he  considered  would  l>c  of  great  advantage  to  those  members  who 
were  alwnfc  to  visit  Lord  Lonsdale's  collieries,  said  be  had  already  bud  the 
pleasure  of  seeing  the  workings  which  had  been  described,  and  he  had  no 
doubt  that  on  the  occasion  of  their  visit  the  members  would,  as  he  had  done, 
take  especial  interest  in  the  old  atmospheric  engine  at  Whitehaven  Colliery, 
which  was  erected  in  1794,  and  which,  be,  believed,  was  the  only  one  now 
in  use  in  the  country. 

Mr.  Hedlky  seconded  thu  vote  of  thanks,  which  was  unnnimously 
passed. 

The  President  then  announced  that  that  closed  the  formal  business 
in  connection  with  their  visit  to  Barrow,  the  remainder  of  their  stay  in 
the  district  would  1c  devoted  to  excursions  to  the  various  mines,  etc.,  in 
the  neighbourhood.  Before  they  separated,  however,  he  wished  to  propose, 
on  behalf  of  the  Institute,  a  very  cordial  vote  of  thanks  to  the  Mayor 
(Mr.  Fell),  the  Harrow  Haematite  Steel  Company,  the  Barrow  Shipbuilding 
Company,  the  Barrow  Steam  Navigation  Company,  Mr,  Wadhnm,  and  to 
the  gentlemen  connected  with  the  various  works  and  mines  they  were  about 
to  visit,  for  their  great  kindness  in  offering  them  such  facilities  as  they 
bad  done;  also,  to  Sir  J  as.  Ramsdenand  Mr.  LI.  Cook  for  their  great  kind- 
ness in  granting  them  the  free  use  of  the  Furness  railways  and  in  running 
special  trains  for  their  accommodation;  and  likewise  to  the  reception  com- 
mittee, coupled  with  the  name  of  Mr.  Horace  Allen,  the  Local  Secretary. 

Mr,  John  Marley  seconded  the  vote  of  thanks,  which  was  carried 
amid  hearty  cheers. 


The  business  of  the  meeting  having  concluded,  the  members  were 
divided  into  two  parties. 

The  first  party  was  conveyed  by  special  train  to  Millom,  where  the 
following  works  were  visited: — 

The  Iron  Works  of  the  Cumberland  Iron  Mining  and  Smelting 
Company,  and 

The  Mines  of  the  Hodbarrow  Mining  Company. 

Luncheon  was  provided  at  Millom  by  the  kindness  of  the  Directors 
of  the  Hodbarrow  Mining  Company  and  the  Cumberland  Iron  Mining 
and  Smeiting  Company,  jointly. 

vol.  xxxii.-wra. 


RAIlROW  MEF.TJXO — rROCEEDINfiB. 


On  returning  the  train  called  at  the  following  places,  which  were 
inspected  by  the  party  : — 

The  Mines  at  Park,  belonging  to  the  Barrow  Heematite  Steel  Company. 
The  Mines  at  Roanhcad,  belonging  to  Messrs.  Kennedy  Brothers,  and 
The  Askam  and  Monzcll  Iron  Company's  Works,  and  Iron  Ore  Mines 
at  Askatn/ 

The  second  party  was  conveyed  by  special  train  to  Stunk,  where  the 
following  places  were  visited  i — 

The  Stank  Mines,  belonging  to  the  Bairow  Haematite  Steel  Company, 
and 

The  Lindal  Moor  Mines,  liclonging  to  Messrs,  Harrison.  Ainslie,  and 

Company. 

Luncheon  was  provided  by  the  kindness  of  the  Company. 

Tn  the  evening  the  members  were  entertained  by  the  Major  uf 
Barrow,  John  Fkll,  Es*j.,  at  a  Conversazione  in  the  Town  UaJL 

Thursday,  July  5th,  1883. 
The  members  left.  Barrow  for  Lakeside,  Windermere,  by  special  train. 

Friday,  July,  6th,  1883. 

The  members  left  Barrow  by  special  train  for  Whitehaven,  w 
another  special  traiu  was  in  readiness  for  those  who  wished  to  inspect. 
The  Parkside    Mining    Company V    Underground  Working** 

Frizington, 

This  party  was  received  by  Mr,  George  Scoutar,  and  Luncheon  was 
provided  for  them  by  the  kindness  of  the  Company. 

At  Whitehaven  the  party  was  received  by  Mr.  G.  H.  LiddelL 

The  members  first  went  down  the  "William"  pit,  then  inspected  the 
surface  arrangements,  and  afterwards  ^  isited  the  Lonsdale  Iron  Warka. 

Luncheon  was  kindly  provided  by  the  Earl  of  Lonsdale,  at  White- 
haven Castle. 
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ANNUAL  GENERAL  MEET  I  NO,  SATURDAY,  AUGUST  4th,  188.%  TN 
THE  WOOD  M  EM  Hit  I AL  HALL.  NEWCASTLE  UPON-TYNI. 


JOHN  DAGLISH,  Esq.,  in  the  Chair* 


Messrs.  S,  C.  Crone,  George  May,  A.  M,  Potter,  and  William  Logan, 
were  appointed  scrutineers  to  examine  the  voting  papers  for  the  election 
of  officers  for  the  year  1883-84. 

The  Secretary  read  the  minutes  of  the  General  Meeting  held  on 
June  9th,  and  reported  the  proceedings  of  the  Council. 

The  annual  reports  of  the  Council  and  Finance  Committee  were  also 
read. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

Ordinary  Members— 
Mr.  Charles  Edward  Rhodes,  Mining  Engineer,  CaiT  Houses,  Rot  her  ham. 
Mr,  Arthur  Sackvillb  Hoicuer,  La  Sulada  Puerto  Berlin,  E  de  Autioquia, 

U.S.  of  Columbia,  South  America. 
Mr.  C.  C.  Leach,  at  present  an  Associate  Member. 
Students— 

Mr.  Frank  Robert  Simpson,  Hedgefleld,  Blaydon-on-Tyne, 
Mr.  En  ward  IIeadly  Hutt,  Us  worth  Colliery,  via  Washington  Station. 
R.S.O..  County  Durham. 

The  following  were  nominated  for  election  at  the  next  meeting : — 

Ordinary  Members— 
Mr.  James  Gimson  Dee*,  Civil  Engineer,  Flora  ville,  Whitehaven. 
Mr.  Athkrtok  Selbt,  Mining  Engineer  T  Leigh,  near  Manchester. 
Mr.  Tsrael  Knowles,  Mining  Engineer,  Pearson  and  Knowles  Coal  and 
iron  Company,  Limited,  Wigan, 

Associate  Member — 
Mr.  William  Fletcher,  Brigham  Hill  w«  Carlisle, 


hav 


There  were  no  papers  to  read  or  discuss,  all  the  available  papers 
ing  been  exhausted  at  the  Meetings  in  Barrow-m-Funmi  in  Juiy, 
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APPENDIX, 


BAROMETER    AND    THERMOMETER  READINGS 
FOR  1882, 


By   the  SECRETARY. 


These  readings  have  been  obtained  from  the  observations  of  Kew  and 
Glasgow,  and  will  give  a  very  fair  idea  of  the  variations  of  temperature 
and  atmospheric  pressure  in  the  intervening  country,  in  which  most  of 
the  mining  operations  in  this  country  are  carried  on. 

The  Kew  barometer  is  31  feet,  and  the  Glasgow  barometer  18U  feet 
above  the  sea  leveh  The  latter  readings  have  been  reduced  to  32  feet 
above  the  sea  level,  by  the  addition  of  '150  of  an  inch  to  each  reading, 
and  both  readings  are  reduced  to  82  degrees  Fahrenheit. 

The  fatal  accidents  have  been  obtained  from  the  Inspectors*  reports, 
and  are  printed  across  the  lines,  showing  the  various  readings.  The 
name  of  the  colliery  at  which  the  explosion  took  place  is  given  first,  then 
the  number  of  deaths,  followed  by  the  district  in  which  iL  happened* 

At  the  request  of  the  Council  the  exact  readings  at  both  Kew  and 
Glasgow  have  been  published  in  figures. 
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APPENDIX. 


COAL  STATISTICS  FROM  THE  MINKS  INSPECTORS'  REPORTS, 
FROM  1861  TO  1881,  WITH  AN  ABSTRACT  OF  THE 
INSPECTORS'  REMARKS  FOB  ihsi. 


STATISTICS  RELATING  TO  COAL  MINING  IN 
GREAT  BRITAIN. 


PREFACE 

It  is  very  much  to  Ik-  regretted  that  no  records  of  statistios  relating  to  coal  mining 
pro|*r  Jirc  prepared.  Tin-  pi -odticthm  of  coal  nince  the  year  18-Vt  can  Iw  obtained  with 
more  or  less  accuracy  in  Mr,  Hunt's  Mineral  Statistic  mid  in  Her  Majesty's  Inspectors 
of  Mine*  Reports  from  1 SG5  ;  also  a  Hat  of  the  collieries  in  the  kingdom  ean  In?  obtained 
in  Mr.  Hunt's  publication  from  I S,"> 4 .  hut  the-  further  information,  such  as  persons 
employed  and  deaths  by  accident  in  coat  mining,  necessary  to  make  the  statistic* 
complete  and  comparable  cannot  be  obtained,  for  coal  mining  is  so  mixed  up  with 
ironstone  (stratified)  fireclay  and  shale  mining  under  the  Coal  Mines  Act  of  1872  that  it 
is  impossible  to  separate  with  any  accuracy  the  persons  employed, accidents  and  deaths 
caused  by  accidents  under  the  different  head*  of  inhmur  .-inee  1872  ;  and  as  before  that 
date,  and  haek  as  far  us  184FI5  these  particulars  as  to  coal  mining  are  in  existence  in 
Her  Majesty's  Inspectors'  Kcpnrts,  the  statistical  records,  even  if  accurate  before  1872, 
cannot  be  usefully  compared  with  the  re]wirts  sit  present  issnetl,  and  comparisons — the 
real  use  of  statistics — cannot  be  made  between  the  years  since  187*!  and  those  before. 
Before  the  passing  of  the  Coal  Mines  Act  of  1872  it  was  not  compulsory  on  the 
part  of  mine  owners  to  give  information  to  the  Inspectors  regarding  the  output  and 
persons  employedt  so  that  the  information  given  in  the  Inspectors*  reports  from  the 
year  18155— the  first  year  in  which  any  record  is  given  of  nroduetinu  and  persons 
employed  in  coal  mining  up  U*  the  pacing  of  the  i. '<ul  Mines  Act  cannot  W  looked 
u|mhi  as  very  accurate;  hut  as  Mr*  Hunt  supplied  independently  in  his  annua)  publi- 
cation the  production  of  coal  since  185-i,  this  production  can  be  always  tuken  from  his 
hooks  up  to  1872  j  w  hile  as  to  persons  employed  the  Inspectors*  reports  must,  for  want  of 
better  information,  be  taken. 

The  two  sets  of  figures  as  to  production  annually  supplied  by  Mr,  Hunt  and  the 
Inspectors  never  agreed  until  1881,  being  sometimes  very  different,  arising  from  the 
two  parties  each  independently  getting  the  required  information.  Prior  to  the  year 
1872  the  accuracy  of  the  reports  may  be  called  in  question,  but  since  1872  the 
pmdnef it'ji  j*i  [in  doubt  as  accurately  recorded  ms  pn^ible  in  the  Inspectors'  reports, 
and  Mr.  Hunt  probably  now  takes  these  figure:,  instead  of  compili  ig  them  himself, 
since  they  could  never  Ik-  so  accurately  obtained  from  mine  owners  unless  they  were 
obliged  by  law  to  give  them. 

a 


With  regard  to  persona  employed  fa  coal  mining  since  1872  the  number  can  only  be 
approximately  obtained — with  some  trouble — from  the  Inspectors'  Hearts,  for  the 
persons  employed  in  working  ironstone,  whale,  mid  fireclay  must  be  separated  from  tbosr 
working  coal,  which  ran  only  tie  done  approximately*  Taking1  the  year  1881,  Summary 
No*  1,  ironstone  mining  with  the  number  of  person 8  employed  in  it,  is  only  kept  separate 
in  tlie  North  Riding  of  Yorkshire,  Lincolnshire,  and  East  and  West  Scotland,  to  the 
extent  of  76  38  per  cent*  of  tbe  total  ironstone  raised,  and  the  same  is  the  case  with 
shale  and  fireclay  to  the  extent  of  87'IG  per  cent,  and  16*63  per  cent,  respectively \ 
the  rest  in  so  mixed  np  with  coal  mining  that  the  persons  employed  cannot  be 
separated  to  any  further  degree.  The  percentage  of  these  minerals  to  the  total 
production  of  minerals  under  tbe  Coal  Mines  Act  of  1872  is  as  follows  for  tbe  year 
1881 CoaU  91*2 ;  ironstone.  7*0 ;  fireclay,  1*2  ;  and  shale.  06 ;  and  after  separating 
what  can  lie  done  to  tbe  extent  above  stated  the  percentage  of  coal  is  increased 
to  97  per  cent,  of  the  total  production.  The  same  applies,  bat  not  in  the  same 
degree,  to  the  accidents  recorded  under  the  Coal  Mines  Act*,  so  that  it  will  be  seen 
that  with  regard  to  coal  mining  alone,  the  statistics  arc  neither  accurate  or  useful  as  a 
means  of  comparison  between  the  various  years.  It  might  be  said  that  this  inseparable 
element  of  3  per  cent,  is  so  small  us  not  to  affect  in  any  practical  degree  the  accuracy  of  tbe 
figures  embodied  in  the  following  report,  but  when  taking  into  consideration  tbe  trouble 
given  to  persons  trying  to  separate  the  items,  and  the  difference  that  may  exist  in 
different  years  between  the  separable  and  the  inseparable  items,  together  with  what 
might  have  been  supposed  to  be  one  of  the  objects  of  the  Coal  Mines  Act — tbe 
obtaining  of  accurate  statistics  in  order  that  comparisons  with  other  and  future 
years  might  be  possible— the  records  now  published  annually  can  hardly  be  deemed 
satisfactory. 

Thus  tbe  continuity  of  coal  mining  statistics  was  broken  in  1872,  and  what  baa 
fine*  been  gained  in  accuracy  as  to  the  production  is  lost  by  mixing  other  minerals 
than  coal  when  considering  the  persons  employed  and  the  deaths  by  accident,  so  that 
all  cledueible  relations  such  as  coals  raised  per  person  employed,  number  of  person* 
killed  per  1,000  employed,  and  number  of  persons  employed  per  death  and  tons  raised 
per  death  in  coal  mining,  now  made,  are  not  accurate  and,  what  is  worse,  cannot  be 
used  as  comparisons,  for  the  degree  of  separation  now  possible  will  be  always  altering, 
defeating  the  use  of  one  of  the  most  interesting  projects  of  statistics,  viz.,  tbe  recording 
of  the  progress  of  mining  in  the  kingdom. 


EXTRACTS  FROM  MIKES  INSPECTORS1  REPORTS, 


In  the  following  tables,  etc.,  the  ironstone,  shale,  and  limlay  mines  have,  so  far  as 
practicable,  been  separated  from  the  rnal  mines,  but  a*  part  of  the  shale,  fireclay,  and 
ironstone  is  worked  in  common  with  the  coal,  it  U  impossible  from  the  data  p-iven  to 
entirety  separate  them.  The  ironstone  districts  of  Cleveland.  Lincolnshire,  and  East 
and  W  est  of  Scotland  have,  however,  been  tabulated  separately,  and  these  districts 
include,  in  l*Sl,  7*;  3S  per  e  lit,  of  the  ironstone  production  of  the  Kingdom.  87  U» 
per  cent,  of  oil  shale,  and  1*V6"3  per  cent,  of  fireclay,  with  the  corresponding  number 
of  persons  employed,  and  the  accidents  which  have  occurred  in  the  same  mines. 

It  is  also  ini practicable  to  «rive  uuy  serrate  comparison  for  ironstone,  tireelny,  and 
shale,  as,  although  the  numbers  of  men  employed  are  given  separately.  In  nearly  all 
caaea  the  Accidents  in  Kost  and  West  Scotland  are  classed  together. 

Extract  from  1873  I{etvh<t.— *'  The  oil  «hale  mines  are  nil  newly  comprised, 
and  so  are  likewise  the  iron  mines  of  Cleveland,  etc,  and  numerous  hlnckhaiid  iron- 
stone mines,  so  that  no  comparison  can  be  made  with  previous  years  as  to  these  mines.*' 

Output.— Coal  • 

The  output  for  the  year,  lRsl,  wus  the  lnrpv<f  on  roc  rdt  the  l->w(«|  output  since 
the  pasting  of  the  Mines  Hesitation  Act,  1872,  and  previous  to  1881,  was; — 

Tons. 

Inthejear  1873    131.556,102 

And  the  highest    1880    151,101,816 

Total  for     1873-1880     ...    1.101,775,390 

Average  for  1873-1880   ...  138,096,924 

Theoutpntfor     1881    1  58,472,006 

The  output  for  the  year,  1KK1,  is  nearly  15  per  cent*  above  I  be  average  of  the  pre- 
vious eight  years* 

Out  put. —Ironstone,  Fireclay,  and  Oil  Shale* 

The  highest  was  in  the  year,  1873    11,485.144 

And  the  loireat                  1879    8.289,9b'l 

Total  for                    1873-1880  ...  7fi,!Ufi£36 

Average  for                 lS73-lsso    9.filiUfi7 

The  output  for                   1881  .   10,-187,926 

The  output  for  1881  is  0  per  cent,  alxivc  the  average  of  the  previous  eight  years. 
90^  per  cent,  of  the  lima  is  ironstone. 

Person*  Employed  and  Ton*  ra>s*,f  pit-  P*>rxon  Emploitrd ,--  Conl  * 
The  number  of  persons  employed  was  lower  than  the  average  : — 

Pemotii  EmploywL  Tons. 

The  lowest  was  in     1878    453.813  808 

And  the  highest       1875  .,.       u4        ,M  510,152  271 

Total  for         1873^1880    3  820,133  — 

Average  for     1873-1880    478,268  288 

Persons  employed  in  lSS I  ...  ...        ...     171,7-45  3311 

The  number  being  for  the  latter  year  1'3(>  per  cent,  beli^  the  average  of  the  pre- 
vious eijjht  year*. 

Subject  to  remark*  in  I'reface 
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Average  for 
And  for 


Person*  Employed. — Ironstone,  etc* 

The  lowest  number  of  persons  employed  in  any  oin* 
wns  in  1879 

The  highest  1873   

Total  1873-1880   

iMigi  1K73-1880  ...  

Persons  employed  in  1881   *.       --.       ■  23#*»2 

The  number  employed  hi  1881  is  9  02  per  cent  below  the  IftMgfl  of  the 
eight  years. 

Separate  Fatal  Accident*,— CoaL9 
These  have  been  ft  little  l>clow  the  average : — 

The  lowest  having  ban  in  1879  ,   *•*  747 

And  the  highest  in  1873 
Total  for  1873-18HO 
Average  for  1 873-1 8S0 

Number  in  1881 
The  number  being  for  the  latter  268  per  cent.  In-low  the  average  of  the  la** 
years. 

Separate  Fatal  Accident*.—  Ironstone,  etc.* 
These  are  above  the  average  <.f  the  pre\i><Lis  right  year*,  the  lowest  being  r — 

In  the  year  1878   28 

The  highest  was  in  1873   

Total  from  1873-1880   

1873-1S80   ** 

1881   

Being  7*14  per  rent,  above  the  average* 

Live*  Lost  hy  the  Arcidrnt*. —  Coal9 
This  item  1ms  been  the  lowest  except  one  during  the  eight  years, 

Tli e  lowest  wan  in  1876   

And  the  highest  was  1878  *♦. 

Total  for  1873-1880  

Average  for     1873-lHHO  ...     

Those  of  1881  

Ileing  17'0n"  per  cent,  la-low  the  average  "f  the  U*t  eight  yi 

Lint*  Lout  htf  the  Accident*. — Ironstone,  etc* 

The*r  are  uliovr  the  nvenige,  like  lowest  being 

for  1878     

The  highest  1873  

Total  for  1873-1880   

Average 

And  in  LHH1 

Being  liJTi  per  cent,  above  the  previous  eight  year*. 

Death  Hate  per  1,000  Per*on*  Employed.- Coat  • 

This  lui>  Uen  much  U>lm,    the  average,  the  loweat  being 

in  UN   

Ami  the  highest,  1878     

Average  for  1873-1880      .       „,  „.   

Tliat  for  1881     M 

The  death  rate  t ..|  I  .km  J  |H  in-  |  *  r  cent.  U  ■*...,  the  average  of  the  last  eight 
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Death  Rate  per  tjXX)  Person*  Employed. —Ironstone,  etc.,  Mine*.* 


The  lowest  was  in       1875      1*051 

The  highest  1*77    I'M* 

The  average  for  1873-1880    Vf»fi2 

And  for  1881    1*9G 

The  latter  year  Wi"g  1  V08  per  cent,  atwvc  the  previous  eight  years. 

Tons  of  Mineral  Wrought  per  Lfe  Lost.— Coal* 

Tlii*  year  is  by  f:ir  the  must  frivcjimihle  of  any  year  during 

the  last  decade,  the  Invent  previous  to  1SS1  was  in  the  Tnm, 

year  1878    98,851 

And  the  highest  imi  in  1870    154,395 

Average  for         1873-1880    124,504 

Tons  wrought  per  life  lout  in  1881    174,330 

Being  3090  per  eent.  above  the  average  <>f  the  la*t  eight  years 

Tons  of  Ironstone,  Clay,  and  Shale  Worked  per  Life  Lo*l.m 

The  lowest  was  in      1874    ...       >♦*  105,fU*> 

The  highest  in  1*78    ...  MQySGQ 

The  average  for  1873-1880    221,720 

And  in  1881   233t065 

The  latter  being  4' 80  per  cent,  above  the  previous*  eight  years. 

The  Ratio  of  Persons  Employed  to  each  Death  in  Coat  Mines  has  gone  on 
increasing  (.very  decade  siuee  1S51  as  follows  :  — 

Per  Out.  Iiicreaiie. 


Ow  Klnt.    *  Ow  Last, 

1851  to  I860  =  245       ...                                    —  — 

1861   ,,  1870  -  300   22*45  — 

1873  „  1880  =  431   ,.    7o'!30  42*66 

And  in  1881  -  519   11183  20  41 

Tho  Ratio  of  Persons  Employed  to  each  Death  from  Colliery  Explosions  has 
increased  as  fallows: — • 

Per  t.'cut.  Incrc.irto. 


itrar  First,  Otct  Lant. 

1851  to  I860  =  1.008    —  — 

1861  „  1870  =  1T408    39'68  — 

1873  n  1880  -  1,694     68  05  20  31 

And  iu  1881  -  4,138    310'51  144  27 

The  lowest  during1  the  last  eight  years  being          1878  >„       ...  774 

And  the  highest,                                               1876    5,203 

Average,                                               1873-1880    1,094 

And  for                                                           1881    4,138 

The  ratio  being  iu  18*1,  1M  27  per  eent.  higher  than  tlic  :i\erugt!  of  lie-  Li-t  eight 
years. 

The  proportion  of  dent  lis  from  explosions  is  24-25  per  eent,  of  the  total  deaths  from 
all  causes. 

Subject  to  remarks  iu  Frclacu 


1876  was  remarkably  free  from  serious  explosion,*,  there  being  only  one  at  which 
more  than  ten  lives  wove  lost,  one  nf  six,  two  of  five,  and  a  number  of  others  under 


four  each. 

South  Wales  Colliery.  Monmouth    £3 

Birley  Colliery,  Sheffield    6 

■Tat  inn  ape  Colliery.  Chesterton                                                   ...  5 

Silverdale  Colliery,  Newcastle,  N.S.   ...   5 

Under  four  each   56 

Total                                                                  ...  9S 


1878. — Since  the  pn^stn^  of  the  Mines  Inspection  Act  of  1850,  thU  year  lia*  bren 
the  heaviest  in  point  of  numbers,  with  the  exception  of  INGfi.  when  there  wi?re  C51 
person«i  killed  by  explosion*  mrainst  5H()  in  187R. 

There  were  several  very  disastrous  explosions  by  which  the  ratio  of  jtersntta  em- 
ployed ]>er  fatal  accident  was  very  much  reduced. 

Unify  Rro*ik  Colliery,  near  Manchester       ...       *  *  ■  ...  ...  43 

U'liHton  Msiin  Delf  I'ollirTV.  Present,  iifinCJi^liire  ...  7 

Wood  l*i t  (Upper  Horida  ♦Seam)  Haydoek«  Lancashire  ...  ..  180 

lVndwll  (Lower  Viird  Sc:ini)  \\  rtxhrim,  Xorth  WinYs  t» 

Apedale  Colliery,  Newcastle,  North  Staffordshire  .  ,  Ml  ...  0 

Ahen-ant  < 'olliery,  Moiiniotith«<hire                         ...  ..,  ...  2*i8 

Harwood  (No.  *J  I  *i  f  >  <    llit  i  v,  l.-lsyth,  Scotland,  W.  ...  ...  1? 

Under  four  each         ...       ...       ...       r.  n  ...  33 

Total   58fl 

1880,  —  Thi*  year  was.  in  point  of  numbers  killed,  I  he  heavu^t  f»>r  the  hist  thirty 
years,  with  the  except i.-n  of         mul  isy.s.  Muto  liavin^  Uvii  \W         h^i.  the  hulk 

of  which  were  at  the  following  collieries,  viit. — 


Sealuini  Colliery,  I  >n  rhino 

 164 

Bcrsham  Colliery,  Wrexham*  North  Wales... 

  9 

Middleton  Colliery,  Leeds,  Yorkshire 

  6 

Kivertoti  Park  Colliery.  Sheffield,  Yorkshire 

  4 

Ltjjoett  Colliery,  Ni-w'ca^th'.  St a(T«»rd shire  ..♦ 

  68 

(iarngoch  Colliery,  Swansea,  South  Wales  ... 

  6 

Naval  Steam  Coal,  Penyeraiff  ..   

101 

IWwcllty  Pit*,  Monmouthshire   

KUca,  HUek  Vein,  Monmouthshire  ... 

 120 

Several  under  four  each   * 

 Bt 

Total   

...  40Q 

1881.— During  this  year  there  have  been  only  two  cases  of  c\ph*ion,  ratiajng  Uie 
death  of  more  than  10  persons  each,  and  two  of  more  than  4  each:— 

Aliercaru  Colliery,  Wigan,  Lancashire                ,.,        ...  iM 

WhiMI.  td  Colliery,  TuniUll,  North  Staffordshire  ...       ...  .  25 

Lilly  dak'  Colliery »  Duekmdl.          do,                 ...  8 

ShiUou  Colliery.  Ilanlev                 do,                 .,.  ...  4 

Under  four  each         ...   .  31 


Total 


Fall*  of  Hoof  fnul  Sidea—Vonl. 

This  is  by  far  the  must  fruitful  source  "f  amdeuL  mid  less  subject  to  fluctuation 
than  any  other  class  to  which  miners  are  exposed. 

The  ratio  of  persons  employed  to  each  dentil  being  for  — 

]'.  i  i '.  ut   f i  i  ;■■ 

Or<;r  First.  Oyer  Last 

1851-lSfJO  =      653    —  — 

1861-1870  =    767   17-45  1745 

1873-1*80  m  t.lOi         „,  ■    ...       ...       ...    69  06  43*94 

1881  =  1T107    0952  0  27 

The  ratio  of  person*  employed  per  life  lost,  since  the  passing  of  the  Mines  Regulation 
Act,  1872,  has  been  as  follow*: — 

The  lowest  in  1878    903 

And  the  highest  in   1874    1,289 

Average  for     1873-1880    1,104 

And  far  1881  1,107 

The  ratio  being  fur  the  latter  year  Ol'7  per  eenl,  ah  ..ve  (1m  average  of  the  previous 
rigid  >  i':Lt-s . 

The  proportion  of  dcatlis  from  falls  of  roof  is  73 £  per  cent.,  and  from  falls  of  side 
26j  ]>or  cent,  of  the  tcital  deaths  from  falls, 

The  rmmlier  of  deaths  from  fulls  of  roof  and  side  is  3081  per  cent,  of  the  deaths 
from  all  causes,  including  explosions, 

FalU  of  Roof  and  Side,  in  Iron,  efc.  Mine*,  —  Falls  of  roof  and  side  are  the 
causes  of  a  large  proportion  of  deaths,  the  average  of  tlie  eight  veurs  being  : — 

Por  Cent, 

1873-1880    43  of  the  total  deaths. 

For   1881        ...    54  do. 

The  ratio  of  the  persons  employed  to  each  death  being:  — 

For  1873-1880   1*391 

1881   ...  989 

Making  a  decrease  i>f  lJ  t  <;  i  per  rent,  mi  the  average  of  the  previous  eight  years. 

Afiscelfaneou*  Underground  Accident*.  -Coal; 

Are  the  next  in  importance,  and  I  hey  hnse  ^lightly  increased  in  proportion  to  the 
persons  employed  as  compared  with  the  average  of  the  previous  eight  years. 
The  ratio  of  persons  employed  to  each  death  being: — 

Percentage  Over  or  Under 
First  Year.  Last  Teal . 

1851-1860  -  2,074    —  — 

1861-1870  =«  1,666       ...   19  6*7  under  — 

1873-1880  =  2,718    31-05  over      63  14  over 

1881  -  2,606    25-65  over        412  under 

The  ratio  of  persons  employed  to  each  life  lost  since  the  passing  of  the  Mines 
Regulation  Act,  1872,  has  been  as  follows,  viz.: — 

The  lowest  waa  in  1873    2,366 

The  highest  in       1876    ...  3,420 

Average  for  1873-1880   2,718 

And  for  1881    2,606 

The  ratio  being  4*12  per  cent,  worse  than  the  previous  eight  years. 


Tli*'  (Initio  from  the  vnrious  causes  e  prised  under  Him  head  are  1^'25  p*>r  iMmt. 

of  f  lu*  totul  fr.UM  nil  ciiiiws. 

The  largest  fan/tor  in  the  above  is  caused  by  trams  and  tuU*,  and  amounts  to  il*M3 
of  ill*.'  deaths  rtuiM  il  !^  iin-ci']]:irs<ktuis  accidents  Wing  19'72  per  cent.  above  the  average 
of  the  previous  eight  years. 

The  next  in  importance  being  on  inclined  plane**  and  amounting  to  25'C7  per  cent*  of 
the  total  mis  cell  un  coup  accidents  underground.  These  are  6"53  lower  than  the  previous 
eight  years. 

Explosion*  of  Gunpowder  arc  decreasing,  and  are  11  76  lower  than  the  average  off 
the  previous  eight  years. 

Suffocation  htf  Gases  is  also  decreasing,  being  25  per  cent,  below  the  average  of 
the  previous  eight  yearn. 

The  other  items  included  under  the  head  of  miscellaneous  accident**  ore  Irmptiams 
of  Water,  Falling  into  Wafer,  By  Machinery,  and  Sundries*  these  arc  comparatively 
rare,  but  are  333  [wr  cent,  higher  than  the  average  of  the  previous  eight  yean. 

Miscellaneous  Accidents  Underground  in  Ironstone,  etc..  Mines; — Amount  to  29*  16 
per  cent,  of  the  total,  and  of  this  ijnuutity  4JM  per  cent,  are  from  trams  and  tabs. 
This  class  of  accident  is,  however,  52  per  cent,  lower  duritig  the  last  year  than  the 
average  of  the  previous  eight  years. 

The  rutin  of  persons  employed  to  each  death  from  miso  llaneou*  underground 
accidents  was  *— 

For  1873-1880   2,0fi6 

1  HXl    ,  4 ,    or  27  ' »3  ahove  the  arc 


aft  A  ccidents. — Co  a  t\ 

These  accidents  are  decreasing  very  rapidly,  the  ratio  of  persons  employed  to 
death  K  ing  for  the  yeaH 


18S1-1M0  -  U61 
lftfil  1870  -  2.121 
tUMMO  =  3,73ft 
1881  -  4,625 


Oft?r  Fir*t 
.  82'fJP 
2HN-ttl 


76  I  I 
23  ttt> 


The  ratio  of  person*  employed  tit  each  lift'  h»*i  since  the  passing  of  the  Minn 
Tlegulatioii  Act.  li<72,  has  l>eeu  as  follows,  vis. ; — 

The  lowest  was  in  1873   3,025 

The  highest     „     1880   M88 

The  average,  1873  1880    ...  3,736 

And  in  1881    „,  4,6aS 

Being  23' 80  per  cent,  above  the  average  of  the  previous  eight  years. 

Hie  deaths  in  shafts  arc  11*52  }mt  cent,  of  the  total  from  all  win^  ar»d  tW 
heaviest  item  is  from  falling  either  from  surface  or  jiart  way  down,  amounting  to 
32o\S  per  tent,  of  the  deaths  under  this  head.  They  uret  however,  21*43  p*r 
lie  low  the  average  of  the  last  eight  years. 

The  next  item  nf  importance  i*  By  Machinery  whtM  descending  or 
ropes  and  chains  breaking,  and  by  overwinding,  amounting  to  31  "26  per  cent  of  th* 
deaths  in  flmft*.   The  dentin  chusmI  by  <>\  i-rwiuding  nn<  W  per  <vut.  below  th#  a 
of  the  previous  eight  years,  and  by  rope*  and  chain.',  breaking  77  77  \vr  cent- 
The  aeeidi-titN  b>  machiuety  in  fdiafls  are*  howrtcr,  A  HI  y<r  cent  sl**v**  the  avi 


9 


Tiling*  falling  into  shaft  either  from  tin'  surface  or  parf  way  down  are  alao  a  source  of 
accident,  which  is.  however,  dec reding.  They  have  causal  (ho  death  of  la{  per  out. 
of  the  total  uumlior  under  the  head  cif  shaft  accidents  mid  are  Itt  per  cent,  below  the 
average  of  the  last  eight  years.  The  miscellaneous  accidents  in  shafts  arc  alio  below 
tin?  awrage,  3'84  per  cent. 

Shaft  Accident*  in  Ironstone,  etc..  Mints;  -Are  1  -'  27  |kt  r.'otit.  *if  the  total,  and 
Ili'JHi  per  font,  alms  i>  the  average  •  ijr  tin*  prrvjn  is  ei-ht  yinir 

The  ratio  uF  persons  employ..!  r>>  each  <t>  nth  being — 
For  1*73-1880    3,937 

And  for    1881   2,9f5!i  or  2472  lower  tliau  the  average. 

Accidents  oh  Surface. — Co  ah 
The  ratio  of  persons  employed  to  each  doatli  was  :— 


Oftt  ur  Under  First.    Over  Last. 


For  1851-1800  -  4.872  ... 

m  1861-1870  -  U19... 

„  ls7;i-isso  =-  5.373  ... 
In  1881  =  5,tN.V 


15'  15  undrr 
10  28  over 
12*66  over 


30-4-4 
208 


The  ratio  Mince  the  passing  of  the  Mines  Kegntatinn  Vet  ha*  been  as  follows: — 

Tho  lowest  was  in  187G   4,658 

The  highest  1879    6,600 

Average      1873-1880    6,373 

And  1881   5,485 

The  rati**  being  2  OS  per  cent,  above  that  of  the  previous  eight  years. 
The  deaths  under  this)  head  are  Hi  7  per  cent,  of  the  total  From  all  causes,  and  Are 
numerically  3  37  per  cent,  below  the  average  of  the  previous  eight  years 

The  deaths  hy  machinery  are  JK"2U  per  cent,  of  the  surface  accidents,  and  arc  12j 
[>er  cent,  in  excess  of  the  previous  eight  years. 

The  deaths  from  boiler  explosions  arc  very  few— only  two  lost  year  against  an 
average  of  five  fi -r  the  preceding  eight  years. 

Surface  Accidents  in  the  Irunxfoue,  W<\>  -iff  tit*;-  Are  very  few,  the  deaths  Wing 
one  for  5,640  hi  the  eight  years  1878-1880,  ami  one  in  ll,Ho'6  in  1SS1,  or  110*31)  per 
cent,  better  than  the  previous  eight  years. 

Machinery  Underground  and  Above. 

The  accidents  from  machinery,  embracing  over- winding,  breaking  of  ropes  and 
chains  whilst  ascending  and  descending  shjtfts,and  boiler  explosions,  amount  to  Ij"02  t>er 
cent.,  and  are  11'%  per  cent,  below  the  average  of  the  previous  ei-hl  years  of  the  total 
death*  A  part  of  the  accidents  on  inclined  planes  ought  to  bt  included  mulcr  this 
heath  but  as  the  Inspectors  do  not  particularise  theiu  in  their  tables  it  is  impracticable 
to  Ao  so. 


Total  Ntmbek  of  Deaths  from  Acci i>entn  in  Coal  Minks  (and  Iron,  etc..  Mines 
Worked  in  Common  therewith)  binok  this  Parsing  of  the  Mine*  Kkgclation 
Act,  1872. 
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PRODUCTION  OF  COAL  Ui  THE  UNITED  KINGDOM. 


tix tract  from  the  Keport  of  the  Commissioners  appointed  to  inquire  into  the  several 
mutters  relating  to  coal  in  the  United  Kingdom  in  1871.  Vol,  3,  folio  32; — 

The  Durham  ami  Northumberland  coabtieUl  fur  a  long  |H-riod  appears,  in*  nearly 
as  can  he  ascertained  from  the  imperfect  returns  which  exist,  to  have  produced  about  a 
quarter  of  the  coiil  yfajdefl  by  the  United  Kingdom. 

In  177H  the  vends  of  the  Noi them  ports  were  considcl ably  less  than  two  million 
tons.  Therefore,  regarding  the  above  proportion  as  being  nearly  correct,  the  production 
of  thU  island  at  that  time  would  nut  reach  seven  million  tons, 

With  a  full  appreciation  of  tiie  uncertainty  of  this  kiml  of  computation  the  following 

may  he  considered  an  approximate  estimate  of  the  production  of  the  kingdom  in  the 

earlier  years  of  the  last  century ; — 

Vr-ii-*  Vend  of  Kstinmnsl  Products 

Northim  Porta,  of  Kingdom. 

1660    537,000    2,l*au00 

1700    653,000    2,012.000 

1750       ,   1,193,457    4.773,828 

1770  ...        ...  1551,350   6.205,400 

1780    1,60*1244    0.424,976 

The  constancy  of  the  proportion  existing  between  the  enal  imported  into  London 
ami  the  vends  of  the  Northern  ports  fur  the  years  given,  enable  the  quantities  for 
other  yezir.M,  for  which  no  returns  are  available,  to  be  computed  without  much  fear  of 
error.  Thus  the  following  quantities  are  obtain cd  as  an  approximation  to  the  coal 
produced  in  the  United  Kingdom  in  the  yearn  given: — 


1785  ...  6,888,712 

1790    7,618,7(30 

1795  ...  ...  10,681,728 

1800  ...  ...  1 0,080,34  K) 

1816  ...  27,020,115 


IVliu  61.  Kvk'U  r-M  recently  ns  from  1S50  to  1854  the  most  uncertain  estimates 
respiting  the  quantities  uf  ceal  raised  were  prevalent.  The  quantity  of  scalane  eoul 
was  of  course  kuouu  from  the  returns  regularly  published  by  order  of  the  House  of 
Commons,  but  very  little  information  was  to  be  obtained  respecting  the  inland  traffic 
in  coal,  excepting  such  a*  Mas  brought  tu  London.  Consequently  those  who  wrote  on 
tin'  subject  were  obliged  to  satisfy  theinsrl  >  ••  iM>  Mo-  }•  >■  >■  -I  il.-mout>  •  •blaiimhlr 
from  various  uncertain  sources.  The  results  given  for  those  years  arc  consequently  not 
strictly  reliable. 

The  following  are,  however,  the  estimates  usually  given.  J,  It.  McCulloch.  Com- 
mercial Dictionary: — 

Toa*. 

1839  ...  31,024,417 

1845  ...  34,600,000 

1N55  ...  58,200,000 


Mr.  Jiwopli  Diektmmn  m  hi*  Re]v>rt.  1H53.  estimate*  the  output  of  the  Kingdom 
At  54,000*000. 

The  Committee,  after  enumerating  several  authorities  and  return*,  state  that: — 
From  these  and  several  other  direct  ami  collateral  source*  of  mforuuhtion,  we 

believe  the  average  production  of  coal  in  each  of  the  three  years— 1851,  1852,  1853, 

may  be  taken  a*  follow*:- 50,875,000. 


Phodcctjon  of  Coal  in  tuk  Kmtko  Kiygdou  fhom  the  Yea  us  1851  to  1880. 


Y«r 


From  ISM  to  18*9, 
taken  from  th«*  Import 
of  thv  CVuninindoiii-riR  »p 
\»  flute*]  to  InquLrti  into  tUt 
M-rt'ral  iiiiktt*Li-a  re l»t  ma  to 

r-ofti  \u  the  riuu-.i  Krim 

iloni       ApiwiiillttiS,  V«l. 
Ill  uf  Report.  1*71). 


From  im  to  UR. 
tiki  n  front  tint  Report  .>f 


CVnJ,  fmifta  Fupci  h*m 
in  by  Mr  Mrmff  i-  .  A  p. 
pvmllx  No  J  of  llrpirt  .in 


Tuh-i. 

Tan*. 

1854 

64,66it*oi 

1865 

61.153,070 

^_ 

1866 

66,645,450 

71.787,552 

1H57 

65,394,707 

74.611,941 

1858 

65.WUJ  iv> 

73,725,8i»5 

1859 

71,1*79.765 

78,2781*57 

1860 

HI  ,1)  12,698 

82,662,702 

1861 

86,039.214 

90,705,796 

1862 

81.638,388 

90,989,666 

1863 

86,292,215 

92.819,855 

1864 

92,787,873 

95,1  22,41*1 

1865 

*IH,1 110,587 

98.911,169 

1866 

101,630,541 

100,728,881 

1867 

101.500,480 

105,077.743 

1868 

103,141,157 

lOt,566,95t) 

1*69 

107,427,557 

108,003,4&2 

1870 

...      Ml  0.43 1,192 

112,875,725 

1871 

117,»52.028 

1872 

123,41)7,316 

...  T123.3938S3 

1873 

127,016.747 

128,68*1,131 

1874 

125,tH3,257 

126,51*0.018 

1875 

131,867405 

133,306»466 

1876 

133,314,706 

134,125,166 

1877 

134*610,763 

132,179.968 

1878 

132.607,866 

1H7'J 

134,008,228 

133720^*3 

1880 

146318,622 

146,969,400 

*  In  tlie  llr*t  column,  froui  WO.  the  <|u»ntiU«i  w  Ukcc  from  Hunt  *  Miwral  Huitirtk^ 

|  Ti*  thr  *fo»»)Ml  column,  from  1&7£  tlm  ijimntitit-i  ,.r,  Ukan  from  th*  Mine*  lutpacton  Itoponn. 


ABSTRACTS  FROM  THE  MINES  INSPECTORS'  REPORTS 
FOR  THE  YEAR  1881. 


Not  It— The  marKOtiU  number*  refer  to  page*  of  thu  Report,  utul  when  Lhe  penHmtl  pronoun 
lh  met  it  t»Ut*  tu  tliL-  Iiini^tvr  >>(  the  District, 


Mr.  DrCKlNSON'f  report  (North  ami  Ea»t  Lancashire  and  Ireland).  The 
greatest  depth  sunk  to  in  this  district  is  2,820  feet,  at  Ashton  Mo**  Colliery. 
The  longest  air  current  is  at  the  Bradford  Colliery,  which  isover  eight miles. 

The  Hridgc  water  group  of  collieries  have  2<>7  miles  of  underground 
passages,  which  include  furty  miles  of  lumt  levels  tint  at  present  in  u*o  and 
six  miles  iu  use. 

The  deepest  rock  salt  mine  is  near  Currickfergus,  in  Ireland.  It  is 
9(X)  feet  in  depth,  and  the  excavation  forty  feet  in  height,  with  the  roof 
supported  on  pillars  of  natural  salt. 

'Hie  greatest  area  excavated  in  any  of  the  rock-salt  mines  is  ut  Marston, 
in  Cheshire,  where  the  urea  of  tlie  chamber  is  almut  forty  acres  and  the 
height  about  sixteen  feel,  with  the  rnof  supported  upon  pillars  of  natural 
rock  salt. 

Mr.  Dickinson's  report  includes  abstracts  from  mining  reports  of  Victoria, 
New  Zealand,  and  France  ami  Algeria,  as  well  as  a  short  review  of  the 
reports  on  fire-dump  mines  in  Hclgium.  Germany,  and  England,  by  MM. 
Pernolet  ami  Aguillom 

Mr.  Dickinson's  report  on  the  Suit  Districts  consists  of  eleven  parts,  and 
dealn  with  the  geological  features  of  the  district,  the  mines,  production, 
landslips,  the  hill,  cause  of  damnge,  as  to  public  policy  of  tax,  and  summary* 
The  report  occupies  sixty-seven  pages,  and  is  replete  with  sections,  plana, 
and  methods  of  working,  including  an  lii-li  tii  ;il  -ketch  of  suit  mining. 

Mr.  Wyvnk's  report  (North  Staffordshire,  Cheshire*  and  Shropshire). 
Explosions  of  tire-damp  have  been  four  in  number,  causing  thirty-eight 
deaths,  all  of  which  could  have  been  prevented  with  ordinary  care  and 
caution. 

The  Whitfield  explosion  caused  the  death  of  twenty-rive  persona.  Mr, 
Wynne  report*  that  the  explosion  originated  from  the  tiring  of  soot  in  a 
fine  comiug  from  a  smithy  forge  und<  i  ground,  and  which  set  lire  to  gas  near 
the  upcast  pit.  The  manager,  Mr.  E.  Thompson,  sen.,  was  committed  to  take 
his  trial  at  Stafford  before  Mr.  Justice  Cave  ;  lie  was,  however,  acquitted, 
the  evidence  not  l*iing  sntlicient  to  warrant  a  conviction. 
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Tin1  Lillydale  explosion  wns  caused  by  driving  against  Hti  Nccumnlatnm 
of  water  without  due  foresight  and  liberating  h»Ut  which  drove  gas  from 
a  goaf  oti  to  linked  lights,  which  exploded,  Musing  the  death  of  eight 
persona.  The  manager,  Mr.  Enoch  Pernios  was  brought  to  trial,  but  wm 
acquitted. 

The  Sh'-ltnn  e«  illiery  explosion,  causing  the  death  of  four  lives,  w  as  brought 
about  by  the  dangerous  custom  r»f  having  furnaces  underground  fed  with 
return  air.  Negligence  was  attributable  to  alt  the  purtics  concerned,  from 
the  manager  to  the  humblest  person  in  the  pit. 

Accidents  from  falls  of  roof  and  hides.  It  may  be  safely  calculated  that 
the  deaths  from  this  cause  will  be  still  further  reduced  in  number  when  the 
use  of  powder  in  the  thick  and  fiery  mines  h  entirely  abandoned,  for  it  U 
found  that  iti  those  mi  lies  where  jwwder  is  not  used  scarcely  a  life  lias  been 
lost  from  fall*  of  roof. 

Mr.  Alkx AXtiKk'tf  report  (Western  District  *»f  Scotland),  Fall*  of  roof. 
jw  hitherto,  continue  to  form  ;i  large  proportion  of  the  accidents  in  thU 
district,  and  amount  to  58  per  cent.  To  a  considerable  extent  such  accidents 
are  insejmrablt.'  from  underground  work.  As  exhaustion  progresses  a  thorough 
system  of  support  should  l>c  given  to  the  rt*>f.  A  I.  present  the  theory  is  to 
delay  putting  in  support  until  the  roof  fthowi  sJUlpComi  of  weakness,  All 
roofs  ihouhl  be  supposed  whether  strong  <<r  n<<(t  for  a  wooden  MUpport* 
such  as  a  prop,  has  often  the  effect  of  attracting  attention  to  insecurity 
nr  imminent  danger. 

The  report  book*  arc  l»e*t  attended  to  in  those  work*  where  the  manager 
occasionally  appends  his  initials  to  them.  Many  officials  still  append  the  X 
to  their  reports. 

A  liberal  addition  is  alwuv*  being  made  to  the  list  of  mutineers  of  mines; 
nt  present  the  supply  is  quite  equal  to  the  demand.  It  is  the  opinion  of  some 
owners  fh;d  tlu.-re  U  a  falling  off  in  the  class  of  managers  ill  so  far  thai 
they  are  less  practical  than  formerly.  It  should  I*'  remembered,  however. 
Uiat  previous  to  the  time  when  certificate*  were  granted  under -managers 
wi  n  m  leeled  in  a  great  measure  for  their  practical  qualifications  and  tact  in 
the  management  of  men.  Thirty-nine  candidate*  presented  themselves  at 
the  late  examination. 
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Mr.  Evans'  report  (Derby*  Nottingham^  U  n  ester,  ami  Warwick).  It  is 
my  satisfaction  and  pleasure  to  record  my  testimony  to  the  fact  that  the  class 
of  gentlemen  now  employed  n>  resident  managers  of  the  mines  are  dolnc 
their  part  in  improving  the  machinery,  the  ventilation,  and  general  Strang*- 
ments  for  the  security  of  tlie  mine*  and  the  safety  and  wrlMaritig  of  the 
workmen. 

hi  my  opinion  the  <irriinar>  Davy-lamp  is  not  »ueb  a  one  a*  ought  to  be 
entrusted  to  workmen  to  la*  used  in  a  tiery  colliery,  for  it  is  catty  safe  in 

vwy  *lnw  \  oheil  irs,  and  when  used  with  the  irroatcst  care. 


Falls  of  roof  and  aide*  canned  60 \w  cent,  of  the  total  number  of  fliiltt* 
The  system  adopted  in  1  lii  h  district  ll  that  the  itilTllHin  is  responsible  for  the 
proper  supervision  and  security  of  the  roof  and  sides,  ami  it  i-i  his  duty  in  nil 
cum  to  use  a  nufficietit  quantity  of  timber  to  make  the  place*  to  the  U  -t  of 
his  jtuiunin  ill  secure  and  safe;  but  1  r.c^ret  to  *ny  that,  probably  on  account 
of  the  familiarity  with  exposure  to  danger,  he  U  not  so  careful  as  he  might  he, 

Sbaft  accidents  are  reduced  almost  to  a  minimum  considering  the  enormous 
nutautiiy  of  raised  and  the  great  number  of  persons  passing  thmiu/h 

the  shafts,  and  tins  to  a  great  extent,  must  he  attributed  t"  the  marked 
improvement  in  tin*  machinery  and  general  discipline  of  the  collieries. 

Call*  attention  to  the  great  difficulty  in  obtaining  convictions  *>t"  eases  by 
map-ist rale*.  The  magistrates  are  often  intimately  connected  uith  tbe  mine*, 
and  will  not  attend  or  they  dismiss  the  case*  against  evidence.  It  is  to  be 
regretted  that  stipendiary  magist rates  catsnot  hear  important  mining  cases 

Gunpowder  ought  not  to  be  used  in  collieries  said  to  give  *AY  such 
ojuimtitk'H  of  gas  that  cannot  he  diluted  hy  an  ordinnrv  amount  of  ventila- 
tion, hut  in  the  mines  of  the  Midland  district  worked  under  the  well-known 
long-wall  system,  with  ample  ventilation,  with  goafs  properly  lillcd  with 
d4brix  so  that  there  is  no  room  left  for  gas  to  accumulate,  powder  at  the 
diseretbm  of  the  manager  may  be  used,  but  never  until  after  the  working 
places  and  those  contiguous  thereto  have  been  properly  examined  by  a 
competent  person  and  found  f"  be  free  fruin  lt:»> 

Ef  the  Chief  Inspector  of  the  district  considers  that  the  use  of  powder 
is  attended  with  unnecessary  danger  he  may  give  the  owners  holier  and 
proceed  to  arbitration,  anil  until  he  has  tested  the  Act  of  Parliament  in  thin 
respect  I  consider  the  inspector  incurs  great  and  unnecessary  responsibility. 

Messrs.  Smith  and  Moore's  improved  apparatus  for  breaking  down  or 
getting  coal  hy  caustic  lime  appears  to  Ik-  deserving  of  further  attention  And 
con  side  rati  i  >n. 

With  regard  tit  the  General  Rule  8  of  the  Coal  Mine-  Regulation  Act. 
1S72.  the  Government  issued  a  circular  in  which  the  Attorney  and  Solicitor- 
general  state  that  " persons  ordinarily  employed  in  the  mine'  would  include 
the  night  shiTl,  rmisUti ng  of  labtmrers  engaged  in  making  ready  the  mine 
for  the  mining  operations  of  the  miners  constituting  the  day  shift.  They 
think  the  distinction  intended  to  be  drawn  is  between  those  ordinarily 
employed  in  the  mine,  m  whatever  capacity,  and  those  specially  employed 
in  the  blasting  operations. 

The  observation*  hy  Mr.  Simons  on  General  Mule  S  arc  appended. 

Tbe  eoal  dust  experiment*  conducted  by  a  committee  of  the  I'hestertield 
and  Derbyshire  Institute  of  Mining,  Civil,  and  Mechanical  Engineers, 
may  be  taken  to  show  generally  that  the  purer  the  atmosphere  of  the  mine 

tin:  greater  the  amount  of  dust  required  I  ke  it  inflammable;  and 

ennvi  r-eh  wilh  regard  to  dust  in  air  containim;  tire-damp.  Also  that  in  no 
mine  in  its  normal  state,  with  the  ventilation  free  from  fire-damp,  would 
an  ordinary  blown-out  shot  raise  sufficient  dust  to  make  the  ventilating 
current  an  inflammable  mixture,  such  as  would  ignite  from  the  same  shot 
flame,  and  create  what  might  he  termed,  but  really  would  not  be,  an 
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explosion;  the  great  i|uaii1  sty  of  dm*t  required  for  such  n  current  of  nir  to 
became  iulhiinmable  being  such  as  to  render  the  current  an  intensely  black 
cloud  surcharged  with  dust. 

4i  Daily  supervision "  (in  Section  26  of  the  Mine*  Act),  hi  the  opinion  of 
counsel  of  the  highest  standing,  does  not  mean  inflection  ;  if  it  did  it 
would  be  physically  imj>nssible  to  manage  a  mine  so  as*  to  comply  with  that 
interpretation  of  the  law. 

The  claw  of  men  now  seeking  to  obtain  certificate*  possess  higher 
educational  qualification*  as  well  as  practical  experience*  I  quite  agree  with 
the  "pinion  expressed  by  the  members  of  tins  Hoard  that  it  is  most  desirable 
to  continue  the  present  system,  which  has  worked  so  well,  in  preference  t*» 
the  centralization  system  recommended  by  a  few. 

List  of  certificated  managers,  acting  and  having  obtained  ocrtineaU*, 
in  the  Midland  district,  giving  number  of  certificate,  date,  whether  of 
service  or  couijieteiiCT,  and  where  acting,  U  appended. 

List  of  abandoned  mine*,  showing  name  of  owner,  name  of  mine,  where 
situated,  name  of  seam,  and  date  of  abandonment. 

Table  showing  total  number  of  deaths  in  the  named  individual  collieries 
during  the  years  1865  to  1881, 

Mr.  Hakbh*6  report  (South  StaffordKhirc  and  Worcestershire  District*). 
Whilst  only  forty-one  pentou*  have  lost  their  lives,  300  have  been  more  or 
less  disabled— nine  permanently. 

There  were  ele^-n  p  r^-nn  against  whom  proceedings  were  intituled  f**r 
violations  of  the  law— four  wore  withdrawn  on  payment  of  co*t*,  and 
im-liuU'il  Us.ii  manager*,  one  owner,  and  a  chart  enuastcr ;  the  rest,  who  wer* 
all  mamigerii  or  owners,  with  the  exception  of  an  overman,  were  fined. 
Section  39  of  the  Act  was  violated  in  three  cases;  and  in  others  Sections  \tt 
13T  I  I,  47,  and  57:  Weneral  Kules  1,2,  3,  2i\  and  2M  and  Special  Utile* 
24  and  28  (in  two  eases). 

Experiment*  are  being  made  by  myself  and  Major  Msjendic  with  com- 
pressed air  and  blasting  tools  at  the  Royal  Arsenal. 

An  explosion  occurred  at  Ktght- Locks  Colliery,  caused  by  a  "hump" 
which,  from  lime  immemorial,  has  been  a  fruitful  source  of  mining  fatalities 
through  falls  of  coal  in  the  10-yard  seam  and  occasional}*  in  the  thinner 
scams.  It  acts  as  an  upheaval,  and  in  the  present  instance  raided  the  floor 
some  four  or  five  feet  for  a  distance  of  from  fifteen  to  t  wenty  yards,  knocking 
out  ail  the  timber.    One  person  was  killed. 

Only  seventeen  eases  of  deaths  by  falls  took  place. 

Two  accidents  in  shafts  took  place  from  the  breaking  or  ropes,  one  on  m 
capstan  and  the  other  ou  a  jack,  caused  by  the  ropes  being  kept  in  unsuitable 
places. 

Through  an  indicator  going  wrong  one  jwrson  nas  killed  by  overwinding, 
Mr.  Mooiik's  report  (Eastern  District  of  Scotland),    With  an  increase 
of  only  3  4  per  cent,  in  the  number  of  persona  employed  in  the  preceding 
year,  16  pet  cent,  more  coal  was  raised,  while  in  the  United  Kingdom  the 
increase  in  output  amounted  to  5  per  cent.    In  Lanarkshire  the  cic«*t  in 
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output  was  22  per  cent.,  with  an  increase  of  only  3  per  cent,  of  men.  This 
resulted  from  two  causes.  In  the  first  place,  tin?  workmen  have  never 
in  my  experience  been  better  employed  ot  worked  more  steadily  and 
contentedly;  mid,  in  the  next  place,  the  quantities  raised  In  the  in  w 
collieries  iu  the  Hamilton  district  arc  still  increasing  and  as  these  Collieries 
are  fur  the  most  jiart  working  solely  the  Kll  cfwdt  which  i&  aV>ut  seven  feet 
thick  and  easily  worked,  a  miner  puts  out  a  much  larger  quantity  than  iu  a 
thin  seam* 

Two  persons  were  killetl  and  forty-three  persons  injured  by  explosions  of 
fire-damp,  all  of  which  might  have  been  avoided  had  proper  precaution* 
been  taken. 

The  output  of  the  (list  ru  t  was  fourteen  million  tons,  equal  uium titles  being 
worked  by  long- wall  and  stoop  and  room. 

3,5">1  ■oferydumps  won  used,  of  which  1,UH  were  gauze  lamp*,  H2S 
Davy,  411  Protector,  394  Clumy,  240  Jack,  160  Williamson,  and  £4 
Mueselcr  Lamps. 

An  estimated  quantity  f»f  516  tons  of  gunpowder  were  used  —285  in 
collieries  worked  by  long- wall  and  231  tons  by  ntoop  and  room. 

Swan's  Electric  Light  is  in  use  at  the  Enrnoek  Colliery  iit  the  hollom  4*f 
the  shaft,  to  the  extent  •  if  eighteen  lamps.  An  attempt  to  carry  it  iu  H00 
yards  was  tihiuidoiicd.  Sees  no  reason  yet  for  doubting  that  it  will  I  a' more 
extensively  used. 

Timber  should  be  used  whatever  t>e  the  apparent  state  of  the  roof. 
(See  Mr.  Alexander's  report.) 

The  long- wall  system  of  working  caused  twenty  out  of  thirty-one  death* 
by  fulls,  nix  being  falls  of  roof  in  roads,  six  at  face,  and  five  by  falls  of 
**  brushing  "  at  face. 

Haulage  uuo  liinerv  inciv:i><>  1  he  nuinher  of  de:i«hs  on  in-  liiir  j-hie---  and 
by  trains. 

There  were  four  pn  ".ocutions  threi/  oF  which  resulted  in  tines  iuid 
one  in  imprisonment. 

Table  showing  wage*  earned  by  a  first-class  collier  at  a  Wishaw  colliery. 
He  worked  300  days,  and  earned  a  net  wage  of  £60  1 5s.  OJd. 

Ditto  of  an  average  collier  who  worked  266  days  and  earned  £51  (is.  Id. 

Table  of  coal  mines  with  the  mode  of  working,  ventihil Inn,  -i/v 
and  depth  of  shaft,  mnnU-r  of  splits,  length  of  airways,  number  iff  safety- 
lamps,  etc. 

Mr.  Wales'  report  (South  Wales  District).  Deaths  from  falla  of  stone 
and  eonl  *u)I  idwuys  he  large  owing  to  the  roofs  being  laid.  The  cost  of 
timber  used  per  ton  of  coal  ranges  from  6d.  to  Is, 

Thinks  that  if  persons  were  ftpecially  appointed  to  set  the  timber  these 
accidents  would  dimiuiim. 

Six  |wrsons  were  proceeded  against  for  violation  of  the  Act,  all  resulting 
in  tine-  vwui  tie-  rvtvpt'mu  of  one  juTsou  ;  three  were  managers,  and  the 
rest  overmen  and  firemen. 

Shot  firing  in  the  working  of  the  fiery  seams  si  ion  Id  not  be  resorted  to. 
In  making  height— only  in  cases  where  pure  air  traverses  the  district. 
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Thinks  that  shots  cause  explosions,  especially  blown-out  shots*  not 
igniting  accumulations  of  pi*  hut  from  causing  a  vacuum,  which  draws  i 
large  quantity  of  pas  together  which  then  become*  ignited. 

Mr.  War  hell's  report  (Yorkshire  am!  Lincolnshire  District).  Fall*  of 
roof  cause  M  per  cent,  of  the  total  loss  uf  life. 

List  of  abandoned  mines. 

The  Stephenson  lamp  appears  to  he  on^of  t  he  safest  lairi|xs.  The  nae  of 
unprotected  Davy  and  L'binny  lamps  in  an  explosive  mixture  where  the  current 
exceeds  six  feet  a  second  is  attended  with  risk  of  accident  almost  amounting 
to  certainty. 

The  eon  current  use  of  gunpowder  and  safety -lamps  should  gradually  < 
Safety- lamps  should  always  he  tested  by  means  of  gas. 


Watering  the  wads  to  keep  down  dust  would  probably  in  some  | 
be  advisable,  for  upheaval  of  the  floor  might  take  place  and  sptmtaneon* 
combustion  he  promoted. 

With  regard  to  fnlls,  a  sufficient  staff  of  deputies  should  Vie  |Frovidcd  and 
an  ample  stock  of  timber  should  be  ready  for  use  and  within  easy  accca*  of 
the  men. 

Proceeding!*  wore  in*t it  n1  >hI  agino*!  ivrl  tin  owner*  and  manager*  which 
in  each  ease  rcmltcd  in  filler. 

Mr.  Willis's  report  (North  Durham,  Northumberland,  Cumberland, 
and  detached  part  of  North  Lancashire).  There  were  6ve  explosions  of  gas, 
causing  injury  to  eight  persons,  all  occurring  in  pit*  where  nuked  light* 
are  used. 

Deaths  by  fulls  constitute  ol^  per  cent,  of  the  total  number  of  death*. 

Dr.  C  Lk  Neve  Forstkk'q  report  (Metalliferous  Minca  in  Ang]e*f«y, 
H recoil,  Cardigan.  Carnarvon.  Denbigh,  Flint,  Merioneth,  Montgomery, 
Hadnor,  Shropshire,  and  Isle  of  Man). 

A  serious  explosion  occurred  at  the  Minerva  Mine  through  the  using 
i  f  blasting  gelatine,  caused  by  u  candle  Mling  mi  the  explosive,  killing  five 
men.    Negligence  in  not  obeying  strict  instructions  caused  this  accident. 

Shite  mines  «rc  twice  as  dangerous  an  the  true  metal  mines,  the  death- 
rate  being  \>* r  l.iOi  employed  underground  during  seven  yeara.  V  US  tad 
other  slate  mines  abroad  ut  own  expense  to  study  their  mode  of  working  in 
onler  to  dim'i ->\ er  if  anything  could  be  done  to  save  life  in  Welsh  «late  i 
Slate  mines  in  Ardennes  (France)  mo*l  resemble  Lhe  Welsh  mine*,  hot  I 
mode  of  working  is  very  different  from  that,  employed  in  Hits  country. 
The  pillars  are  left  along  the  line  of  strike,  and  the  great  peculiarity  is  that 
none  of  the  large  open  cavities  are  allowed  to  remain.  AH  the  chamber* 
are  tilled  with  rubbish  as  fast  as  they  are  excavated,  *o  that  tlm  men  stand 
Upon  rubbish  while  at  work  instead  of  Uing  supported  by  chains  or  ladders 
as  the  Welsh  miners.  The  death-rate  per  l.OOO  person*  employed  under, 
ground  i*  2'K>  fur  <  h -ven  tear*  in  the  Ardcimo* 

There  tti'jui  M'\fu(*'i'n  prosecutions  ngninst  managers  and  miue owners  far 
violation  of  the  Act.    Two  were  dismissed  on  payment  of  coats,  aim 
case  the  sum mon a  wu*  itithdiawn.    The  rest  alt  resulted  in  fine*. 
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Mr.  Hkm/s  report  (Sou Hi  Durham,  Westmoreland,  and  the  West  Hiding 
of  York (tli ire). 

Miniiiir  accidents  are  inere!i*iii£. 

Accident.*  taken  with  flreat  Britain  pen  cniUy  compare  very  favourably,  for 
there  are  577  persona  employed  per  life  lost  in  lliis  district  against  519  in 
the  whole  kingdom  ;  nlso,  2o9.fi20  tons  of  mineral  raised  p< *r  death  comisired 
with  177.H'o'  in  (he  United  Kingdom.    (This  includes  the  Cleveland  district.) 

There  is  a  decrease  of  three  tons  of  coal  jk.t  man  raised  j»cr  sun  ton 
compared  with  last  year,  l»einpr  39S  against  401  ;  the  total  f<>r  the  Kingdom 
is  341). 

In  coal  mines  20i  per  cent,  of  the  nu  n  employed  are  employed  above- 
ground,  while  in  ironstone  mines  lfii  per  cent,  are  em  piny  id  ah  neuron  ml. 

The  Flcnss  Hrear Siine;  Apparatus  and  Lamp  were  found  to  lie  of  the 
frreatewt  possible  value  in  enabling  the  explorers  to  ascertain  the  state  nf  the 
none  in  Hie  Maudlin  Seam  at  Seaham  on  its  being  reopened.  I  eon>sder  Mieiu 
to  be  very  valuable  in  eases  of  fire  or  outbursts  of  gas.  or  even  irruptions  of 
water,  and  u^uld  he  i^hnl  to  see  them  kept  ready  for  use  at  every  colliery ; 
they  are  IL'ht.  p^rtaMe,  and  ea>Uv  managed,  (Here  follow*  a  description  of 
the  apparatus.) 

The  loss  of  life  from  falls  amounts  to  40  per  cent,  in  Durham  and  51  jwr 
cent,  in  Cleveland  of  the  total  accidents.  Accidents  fin  ind'nie*  nnd  engine 
planes  and  by  machinery  arc  increasing  amounting  to  21M  per  cent,  in 
Durham  and  12^  per  cent,  in  Cleveland. 

No  person  should  be  allowed  to  travel  on  incline  mods  under  any  pretext 
while  sets  are  being  run. 

Six  mines  have  been  abandoned  during  the  year—  four  collieries  and  two 
ironstone  mines. 

A  short  Act.  44  and  45  Vie.,  eh.  2fi,  Stratified  ironstone  Mines  ((inn* 
powder)  Act.  1HH1,  lias  been  passed  with  regard  to  the  exemption  of  the 
General  Itule  8  of  the  Coal  Mines  Act.  1872. 

I  have  ajrain  felt  it  unnecessary  to  take  legal  proceeding  against  any  of 
the  owners  or  managers  of  the  mines  during  the  ])u.st  year;  the  provisions  of 
both  Acts  have  been  fairly  well  observed*  and  whenever  I  have  come  across 
anything  that  tni;;M  appear  to  he  wronjjj  1  have  eNpcrieneed  no  difficulty  in 
petting  it  at  once  remedied* 

Mr.  Halls  report  (West  Lancashire  and  North  Wales).  The  death- 
rate  higher  than  in  1HS0  owing  to  the  A  brain  Kx  plosion  causing  death  of 
forty -eight  ]K»rsons. 

A  decrease  of  output  of  197to13  tons  on  previous  year,  the  ojuantity 
raised  being  11,933,570  tons.  This  was  owing  to  a  strike  of  from  seven  to 
eight  weeks  duration. 

During  the  year,  lin"^  men  were  employed  and  70.030  tons  raised  per  life 
lost. 

Fatal  aeeidcuN  in  Xorth  Wales  continue  very  frequent,  and  to  endeavour 
to  secure  some  improvemenc  the  Assistant- Inspector  has  removed  from  Liver- 
pool to  Chester. 

There  were  seven  explosions  in  Lancashire., causing  the  death  of  tii'ty-thrce 
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|*rs<»us  ;  two  worn  caused  by  open  lights,  three  were  caused  by  blasting  with 
guniiowdcr,  mud  two  funned  inquiries  for  report*  (fine  of  Urate  was  caused  by 
neglecting  to  examine  the  workings  immediately  before  tiring  a  shot,  the 
other  ease  was  the  Abrain  explosion— reason  given  below),  There  were 
three  explosion*  in  North  Wales  causing  the  death  of  two  person* ;  two 
were  caused  by  open  lights  and  one  was  the  subject  of  a  report. 

The  Abram  explosion  was  caused  by  a  Davy  lamp  in  a  rapid  current  of 
explosive  mixture. 

I  wi*h  to  ]>oiut  out  the  great  value  nf  portable  fire  extinctenr*  iu  explor- 
ing a  mine  after  an  explosion.  The  explosion  has  had  the  effect  of  causing 
the  owner  to  introduce  some  more  perfect  lump  in  place  of  the  Davy  then 

in  nse- 

In  the  explosion  in  North  Wales  at  the  Uay  Hall  Colliery,  feeding  the 
furnace  with  return  air  was  the  cause.  It  is  an  ancient  method  >>\'  veuti- 
luting:  mines  which  dies  u  hard  death — a  death  so  slow  that  one  is  compiled 
to  believe  that  many  colliery  managers  cannot  be  taught  except  by 
disastrous  personal  experience* 

The  rule  regarding  the  security  of  the  roof  and  sides  of  all  travelling 
roads  and  working  places  leaves  the  responsibility  with  the  manager  of  the 
mine*  and  he  fails  in  his  duty  to  his  workpeople  if  he  is  not  careful  that  this 
supervision  is  effectively  carried  out  by  hU  officials. 

Three  actions  Mere  brought  against  three  owners,  of  which  only  one 
resulted  iu  a  Hue. 

The  jjower*  of  the  Employers'  Liability  Act  have  not  been  resorted  to* 
ami  a  mutual  arrangement  exists  through  the  medium  of  the  Lancashire  and 
Cheshire  Permanent  Relief  Society,  the  owners  having  increased  their  annual 
subscription  10  per  cent.,  making  their  total  subscription  one  t|uarter  of 
the  funds  on  the  workmen  agreeing  to  forego  any  chum  to  damage*. 

A  difficulty  exists  in  obtaining  attendance  of  iuagi*tratea  as  non*minc* 
owner*  iu  actions  against  men  by  the  manager*. 

Blasting  should  only  be  allowed  when  the  whole  of  the  ordinary  work- 
people are  out  of  the  mine.  This  is  generally  dune  in  the  dangcrou*  Wlg*n 
lJ-foot  scam. 

It  bus  been  proved  that  -  or  3  |ier  cent,  of  fire-damp  docs,  on  having  flue 
coal  dmd  mis, si  with  it.  Worne  nt  once  »  most  inllammable  mixture. 

Copper  «temnier»  have  proved  to  be  dangerous  ;  the  remedy  lies  In  using 

wooden  ones. 

From  year  to  year  1  have  applied  that  copies  of  the  local  Inspector'* 
ro|Kirt  should  W  «eni  to  each  manager*  for  hv  thus  bringing  tlw  cirrum- 
staucc*  and  causes  of  the  various  accident*  which  occur  during  the  year 
under  llieir  not  ice  precautionary  measures  might  suggest  themselves  and 
result  in  a  saving  of  life,  but  this  application  ha*  always  lawn  refused. 

List  of  prosecution*  against  workmen  for  breaches  of  the  AcL  There 
w  ere  seventy -two  eu*es  ;  in  twelve  of  thine  the  de  fun  Ian  t  either  absconded 
or  failed  to  np]>ear*  and  the  rc*t  resulted  in  tines  and  in  two  cases  imprison, 
nieul  jo  il«  Unit  of  pi»N  ing  tlne^ 


Mr.  CADtfAtf'a  report  (Devon,  Dorset.  Ulouccster,  Monmouth,  Somerset, 
ami  iiortiou*  of  Brecon  and  Glamorgan).  Falls  of  roof  and  aides  will, 
notwithstanding  every  precaution,  prove  a  prolific  source  of  accident,  mid  \ 
Wish  to  impress  very  strongly  both  upon  masters  und  mm  tln<  neee^-sity  for 
exercising  tlie  prreate^t  possible  cure  in  securing  und  timbering  the  working 
places.  It  is  not  unfrcfpient  that  men  will  rather  run  the  risk  of  working 
in  a  dangerous  place  than  spare  the  short  time  required  to  put  up  a  prop  or 
pull  the  coal  down.    Spnitrjprs  should  be  used  uhen  holing. 

Four  men  were  killed  hy  carbonic  oxide  pus*  while  waiting  underground 
for  the  steam  In  a  boiler  to  gain  sufficient  pressure  to  work  a  pump  at  the 
Holly  Hush  Colliery  in  Monmouthshire.  It  seems  that  the  night  had  Wn 
storm v  and  that  wind  iuu*t  have  forci'd  the  products  of  eombusition  to 
accumulate  in  the  drift  or  to  pass  hack  out  of  the  furnace  doors.  Steam  is 
now  conveyed  from  bank.    Lights  burned  in  the  gas. 

Out  of  sixty-eight  death*  in  the  district  nine  were  occasioned  bif  explosions 
and  forty -one  by  falls,  or  f)0'3  per  eent. 

Arbitration  has  been  resorted  to  by  the  Government  and  the  owners  of  a 

South  Wales  colliery  near  A  hert  tilery  an  In  the  Compulsion  of  using  safety- 
lumps.    Mr,  VV.  T.  Lewis  is  arbitrator  on  behalf  of  the  Government,  Mi\  T. 
Forster  Hrovvu  on  behalf  of  the  Company,  and  Mr.  (L  IL  Forster  is  umpire, 
Three  prosecutions  were  instituted,  all  of  them  resulting  in  fines. 

Mr.  Feechevilles  report  (Metalliferous  Mines  in  Cornwall,  Devonshire, 
Dorsetshire,  and  part  of  Somersetshire).  The  production  of  black  tin  has 
gradually  decreased  since  1873. 

Pi79  j>erson«  are  employed  per  death,  which  is  equal  to  1*47  [w  1,000. 

Prosecutions  were  instituted  against  two  managers;  one  case  was  dismissed 
on  technical  grounds,  the  other  resulted  in  a  fine. 

An  action  was  brought  under  the  r'mplnyera*  Liability  Art  by  a  father  for 
the  death  of  hU  son,  and  lie  was  awarded  £100  without  costs,  being  the 
amount  which  he  claimed. 

A  hirge  number  of  the  mine  owners  have  insured  ugainst  accidents  in  the 
Km  plovers*  Liability  Assurance  Corporation,  Limited.  The  present  rate  is 
5s.  per  £100  per  annum  paid  in  wages  to  cover  all  risks  under  the  Act  of 
18K0,  and  12s.  Gd.  per  £100  for  all  accidents. 

Nobel's  patent  having  expired  dynamite  has  fallen  in  price  from  2s.  to 
Is,  7id.  per  lb+ 

There  are  seven  man-engines  and  eiffht  ca^es  or  "|figs.**  In  Dsifig 
ladders  one  man  wus  killed;  in  usinp  man-engines  one  man  was  injured;  and 
in  using  cages  three  men  were  killed  und  one  injured* 
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Mininu  DxvtfciCt*  op  the  United  Kingdom, 
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Comparison  op  the  i>iffeeent  Dietsjctb  or  the  IttrWBtm 

Onfjtut.—  Mr.  Hell  here  «tuTu1*  first.  Wins:  nearly  ten  million*  alime  Mr.  Wartlrll. 
who  iM  tuiund,  who  i*  n/iiin  tw.(  millions  above  Mr.  Wales,  who  U  thinl.  Mr.  Willi* 
1m  11-  fourth  ;  Mr,  M<>  ore  ami  Mr.  rCvnu*  follow  ohi<*o  by,  being  fifth  ami  mth. 
Hun  eome  Mr.  Hull.  Mr.  tinker,  ami  Mr,  Diekinaon  a*  aeventh,  eighth,  ami  ninth 
ri'4jnrt'^i'lv  :  ami  then,  tho*e  of  v\fs\\t  million  hum  ami  ou  t  .  Mr,  Ah'iuiuler  I*  nth,  Mr. 
W  yr.ru    1  li'v.  nth.  ami  Mr  lutlmuil  the  In -t ,  U  inj?  ru.ulv  twenty  niilliort«  UhiitU  Mr. 

1M1, 

Prrtoni  Kmploiifd.—  Mvm  nptin  Mr.  Hell  U  flmt,  hnt  (he  ilifTerenre  U'tweeti  bim 

ant]  Mr.  >VartU'll,  wlio  ia  ftccond.  U  not  «o  great  aa  the  |>r»portional  tlifferenee  of 

output  :  then  Mr.  Wale*  um  tttirtl  niul  Mr,  Kvutt*  aa  fourth;  and  then  onlj  Mr.  WtU»», 
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who  is  fourth  in  the  output,  but  only  fifth  here,  which  leads  one  at  once  to  suppose  that 
he  raise*  mure  por  man,  which  he  dues.  Then  follow  Mr.  Moore,  Mr.  Hull,  Mr. 
IhVLiiw.n,  Mr.  t.ndniin,  Mr,  Ale\;iud'-r,  Mr,  Wynne,  rind  Mr.  Baker,  who  Is  lust,  hut 
is  eighlh  in  output,  ami  he  stands  second  highc>t  as  to  tons  raised  per  man. 

Deaths  by  Accident.  — Nr.  Hull  stands  first  as  having  the  most  killed,  and  as  he 
stands  pretty  high  as  compared  with  output  and  persons  employed,  he  has  the  worst 
re  sults  as  to  the  ratio  of  persons  employed  and  tons  raised  per  death.  Then  comes 
Mr.  Wales,  and  then  only  Mr,  Hell,  who  stands  first  with  output  am!  men  employed. 
The  fourth  is  Mr.  Wynne,  who  U  followed  hy  Mr,  Wurdell  and  Mr.  Moore,  who  are 
equal ;  then  as  seventh  comes  Mr.  Cadman,  and  Mr.  Evans  and  Mr  Willis  next,  who 
are  equal ;  and  they  are  followed  by  Mr,  Dickinson,  Mr,  Alexander,  and  lastly  by  Mr, 
Baker. 

Ratio  of  Persons  Employed  per  Life  Lost. — Tins,  and  the  death  rate  per  1,000,  as 
coming  from  the  same  sel  of  figures,  are  of  eijuat  proportions,  ami  here  stands  first  Mr. 
Wardelh  who  is  closely  followed  by  Mr,  Evan*  and  Mr.  Willis;  then  an  fourth  come* 
Mr.  Dickinson,  Wing'  one  hundred  behind  the  last- ;  then  Mr,  Baker,  Mr,  Alexander, 
Mr.  Bell,  Mr.  Moore,  Mr.  Cadman,  and  Mr.  Wales  follow;  and  lu*t  eomes  Mr.  Hall, 
standing  mdy  one-third  as  high  as  Mr.  Wurdell,  the  first. 

Ratio  of  Tons  Raised  per  Death. — This  does  not  follow  a  close  relationship  to 
the  last  ratio,  for  here  Mr.  Hell  stands  first,  who  was  only  seventh  in  the  last,  and  this 
s  occasioned  by  hi«  great  output,  which  is  proportionally  much  higher  than  the  persons 
employed  under  him  as  compare!  with  the  others,  Second  stands  Mr.  Baker*  who  has 
t lie1  smallest  number  of  men  under  him.  He  is  followed  by  Mr,  Willis  as  third,  and  be 
again  by  Mr.  Wardell,  Mr,  Evans,  Mr.  Mnn-e,  Mr.  Ale\ander,  Mr.  Dickinson,  Mr. 
Cadman,  Mr.  Wales.  Mr.  Wynne*  and  lastly  by  Mr.  Hall,  who  stands  very  low,  being 
beh i w  half  the  average  for  the  Kingdom. 

Ratio  of  Tons  Raised  per  Man  per  Annum.  TbU  is  interesting  from  a  commercial 
point  of  view,  and  here  Mr,  Hell  is  first,  owing  no  doubt  to  the  (..'lev eland  iron* 
stone  district,  for,  taking-  this  nway,  he  only  stands  third.  Following  him  closely 
comes  Mr.  Baker,  and  then  Mr.  Moore,  with  Mr.  Willis  next,  who  is  equal  to  the 
average  of  England.  The  rest  are  Ix'low,  being,  as  si\t!u  Mr.  Alesiinder,  who  is 
followed  by  Mr.  Evans,  Mr.  Wurdell,  Mr  Wales.  Mr.  Hall,  Mr.  Dickinson,  ami  lastly 
by  Mr,  Cadman, 
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MINING  AND  MECHANICAL  ENGINEERS, 


ABSTRACTS  OF  FOREIGN  PAPERS, 


OS  CQUALT1TK  AN'll  TUNAlTE  FROM  TUK  KHKTIll  MINKS.  K  A  J  PIT  ANA  s 
WITH  SOME  REMARKS  OK  JAIPCR1TE  (*Y  KPOOHtTE), 

By  F.  R.  Mallet,  K.ti.S.    Rerord*.  Geo!.  Surrey  cf  India ;  Vol.  XIV.,  Part  2, 

pp.  190-196. 

Describe*  the  (III  Snlyjlnde  of  Cobalt,  PO  miWlTfttM*  f«tr  its  purity,  found  »n  the 
Khetri  (Khetrec)  Mine*,  near  Jaipur  (Jyepoor),  in  Itujputaua*  This  mineral  occurs  in 
thin  layer*  between  masses  of  copper  ore,  not  more  than  2l*Q  lb*,  per  month  being 
produced  by  any  mine,  and  is  used  by  Indian  jewellers  for  staining  gold  of  a  delicate 
rose-red  colour  by  a  secret  procc*s,  and  also  in  forming  the  uvll-kii"*\  n  beautiful  Line 
enamels  of  the  country.  Some  doubt  seems  to  be  thrown  on  the  existence  of  Jatpurite 
ns  distinct  from  the  Cohultite  just  referred  to,  mi  analysis  of  which  is  us  follows: 


Sulphur   , 

  19-46 

Arsenic 

  4387 

Antimony 

  tr. 

Cobalt   

28  30 

Nickel 

  tr. 

Iron 

(ianpio 

80 

14)0*6 

The  specific  tfra\itv  i*  fi  00  exactly,  and  a*snHatod  with  the  mineral  are  small 
crystals  of  Daunitc*  0.  A.  L. 


ON  THE  FERRUGINOUS  JSEDS  ASSOCIATED  WITH  THK  BASALTIC 
ROCKS  Of  X  O  ft T  H  - 1 A  ST  E  B  X  ULSTER.  IN  TJ  ELATION  TO  INDIAN 
LATE  RITE. 

By  F.  R.  Mallet,  F.O.S.    Frcords.  Grot  tiurvey  of  India;  Vol  XIV.t  Part  1, 

pp.  139-148. 

Describes  the  iron  ores  intercalated  between  the  flows  of  lia*alt  of  Antrim,  gives  a 
rrsuthv  of  the  various  llicorio  m  liit-li  have  been  brought  forward  as  to  their  origin,  and 
compares  them  with  the  late  rite  of  India.  Both  the  Indian  and  hish  deposits  agree 
in  heiujf  "  argillaceous  *  ften  politic,  forms  (if  highly  ferrupinou-*  ruck,  the  iron  in 
both  bcinff  mainly  in  the  state  of  hydrous  and  anhydrous  ferric  oxide.    Both  are 

a 


assented  over  wide  jivi:l>  uitL  underlying  U-iU  of  lit horn urge,  and  both  art;  intimately 
connected  /«  *o>/te  as  itti  vulcanic  rucks*'  (page  116).  The  point*  of  difference  arc, 
.11  r lit-  other  hand.  ii"t  of  essential  nni«ji tance.  The  author  then  favourably  consider* 
whether  the  view  taken  by  the  Irish  geologists,  ai  d  uoltiMy  by  Mr.  Kiimlmii*  to  the 
origin  of  the  Antrim  beds,  may  be  applicable  to  some  of  those  in  India.  He  accord* 
ingiy  concludes  that  the  high  percentage  of  iron  in  the  high-level  lateritc,  u  well  ft* 
its  tolerably  uniform  diffusion  over  wide  area*,  seems  to  be  explained  by  regarding  that 
nick  as  of  lacustrine  ami  (in  so  fur  as  the  iron  is  concerned)  of  chemical  origin. 

a  a.  l. 

[Note  Iff  (tub-Editor  -  TIiIh  pa|>er  is  specially  interesting  when  read  in  con* 
nexion  with  Mr.  KeudaH's  paper  0M  M  The  Iron  Ore*  of  Antrim/'  in  the  Institute 
Transactions, --G.  A.  L. 


THE  SOKKAHOKMI  (OA L-FIKLD, 

Ondersoefriftf/rn  in  hrt  kolruterrriw  fuj  Sot  tea  harm*  j  /oy  J.  A.  Ilou/K.  Jaarlotk  van 
het  Mijntrrzrn  in  Xrdrrfa  witch  Oo*t -Itidir  ♦  11  Juanjanp^  Pari  1  {Wefrmsrh. 
flrtMtf),  pp.  5-6i*i+  with  turtle  folding  Grolotfirnl  ^fap. 

The  rocks  of  this  |M»i-ttt<ii  of  .linn  emi-M  of  r.'i t inrv  sedimentary  lied*  overlying 
aod  sometimes  broken  through  U\  iTuptuc  ma**e>t  of  varinu*  up'*.  Vcrbeck  lia* 
divided  the  Eocene  of  Sumatra  into  four  Uroups  ur  Stages.  Of  these  only  the  seetmd 
and  fourth  aw  represented  here,  the  hitter  lying  perfectly  conformably  tijaiti  the 
former*  Ko,nall\  conformable  upon  the  fourth  Eocene  Stage  are  I khU  of  Miocene  age, 
which  with  Drift  and  Alluvial  dejs>sits  make  op  nil  the  sedimentary  rock*  of  the  ecml- 
ftetd.  The  country  Is  hilly,  nod  the  l*eds  lie  in  broad  synclinals  and  anticlinal*,  this 
latter  generally  occupying  the  valleys  and  the  former,  as  usual,  having  better  rc*Uted 
denudation,  fcirniing  the  hills.  There  arc  limestone*,  sandstone*,  and  conglomerate*  of 
both  Mioeene  and  Eocene  Jige,  and  the  coal  tennis  occur  in  the  unu*calcarcouH  member* 
of  either  series,  l-pon  thcdcnnuVd  edi;es  of  tlie  Tertiary  lied*,  and  constituting  the 
greater  part  of  the  surface  of  the  country  all  the  lower  ground,  in  f act  -  are  *hecl«  of 
volcanic  lava  of  comparatively  recent  overtinw.  This  consist*  chiefly  of  Augite* 
Atidesile,  A  similar  rock  is  supposed  to  1m*  of  givater  age.  The  other  igneous  rock* 
are  Hasalt  and  Hornblende -Andeaite.  There  are  several  faults  which  an-  noticeable 
for  their  bra-  hade  or  deviation  from  the  vertical,  The  coaJ-seatiii  described  vary  from 
0*10  metre  to  2  or  even  1  metres  iu  thickne**.  Full  analyse*  of  the  various  cnoli  are 
given,  in  which  tin-  jjercontagc  uf  earlwu  ran^e-i  from  t!0  1"»  t"  71  7t>,  with  an  average 
..f  71  ^  aod  that  of  iwh  from  5  K!  to  11  TO.  with  an  average  of  7'tH.         0.  A,  L. 


CHINKSK  OOIJi  MINK  IN  BORXKO. 
I>e  t?eo 1 0$ i >c A . m ij n bov wk u  nd Opnem i *y  ran  ten  atdttltr  t*a »  Bormru *j -  WtvtkuMt . 
Vertlaff  Xo.  2.    iittthrijring  </er  CAttttrtrkt  floudmij*  S*mpi-to*.    Bp  C.  J. 
VAN  Sell  KT.LB.     Jiutrhorl-  rntf  Art  Mijutrritn  at  X+drrt*tmti*rA  Qo*t*lmdif  t 
11  Jaarf?fiHf?t  Part  1  (TVeAniJeA  ffntrrtfr).  pp.  27  M,  wit  A  three  PlatrM, 

11»e  gold  mine  of  Sim  jn  ha*  is  in  the  valley  of  the  Hnnt  Hiver  «m  the  *i'**t  eoaat  of 
Bonus \  i mi  the  road  U  i  ween  Sj'-s*i-T*iet  and  Seliuse  and  about  Ave  kilometers  fnmj 
Beukajang.  It  wfl*  opened  in  lt*7-l.  and  produce*  pearly  alsml  17,175  tlatt  (1  H^rncv 
thail  of  gold  -  51  gramme-*)  of  gi»ld,  having  a  value  of  about  1U,UX)  gulden.  TU* 
mine  \*  in  gravel  ami  drif*  r»tder  tluiu  the  alluvium  of  the  Hani  Kiver,  and  Ijinc  H*** 


a  floor  of  granite.  The  Chinese  machinery  and  iinph. ■inent*  used  at  the  mine  me  fully 
described  and  figured.  Plate  1  is  a  coloured  geological  map  and  section  across  the 
workings  which  have  l>ecn  carried  down  im  far  as  the  bottom  ruck  or  granite*  This 
paper  is  one  of  a  series  of  mining  and  geological  reports  on  tht<  we*t  coast  of  Borneo. 

  0.  A.  L. 


NViTKS  u\  MlMN'i;  IfKCOKI*  AN  II  TH  K  MIM.Vu    IlKCOliD  OKFIC1  Of 
GREAT  BRITAIN;  AND  THK  COAL  AND  MKTALL1FKBO08  MINES 

ACTS  OF  1872  (ENOLAMn. 

By  T.  W.  H,  HrGHK*,  V  U.S.,  etc.    Record  rt  Grot.  Survey  of  India;   Vol.  XlV.t 

Part  2,  pp.  lHo-IUO, 

describes  the  publications  and  institution  first ^mentioned  in  the  title  with  the 
object  of  showing  how  useful  would  he  I  he  establishment  of  similar  ouea  in  tmlin. 
Incidentally  it  is  noted  that  tin- output  of  the  mo>t  abundant  Indian  mining  produce, 
coal*,  wa*  (for  \H7H)  only  about  1,000,OUO  tons,  made  up  as  follow*  -. 


Trjlin, 

Kaniganj  Coal -Held  5*2.000 
Karharbari  „  434.000 
Wiiniha  Valley  „  15,000 
Mohpam   ,       tl,  13,000 


Notes  that  if  the  prohibit » •  ■  a i  nf  female  labour  underground  were  extended  to  India, 
the  retiult  would  l>e  disastrous;  also  (with  regard  to  the  elause  in  the  Knglish  Act  pro- 
hibiting the  payment  of  wutres  in  public-houses)  that  in  India  "it  is  asserted  that 
grog  simps  are  most  useful  in  stimulating  the  industry  of  the  turners,  for  as  long  as 
they  have  money  they  won't  toil.  Having  spent  the  la.st  of  their  wages  over  a 
t icaker  of  •darn.'  they  proceed  to  work.  Coliseum utlv  the  greater  tin  facilities  fur 
drinking,  the  more  sit  stained  their  industry/*  (J,  A.  L+ 


I'KTltOLKCM  AND  O/OKKIUTE  IN  EASTERN  UALK'IA. 

fiir  Petroleum*  ttttd  Ozokerite  I  u/'kotHitmixsr  tj*t-*>ati zienx.  By  C.  M.  [\vt'L.  Jakr* 
buck  der  k.-k.  geoi.  ReichiaMfalt  ;  Vol.  XXXI..  No,  I,  pp.  131-168,  with  ten 
Figures  in  the  text- 

The  following'  are  the  division*  recogni/.ed  in  the  Carpathians  of  Eastern  Oabeia 
(in  ascending  order): — 1. — The  Nenconiiau  Itopiauka  llcds,  or  bower  Carpathian 
NmnUt'im.  2.  The  Middle  < .'ar  path  iaii  Sandstone.  3. — The  Eoc<  m  *  ',i  v]  '.itltin'i  Smd- 
stone.  4.  The  Mciiilitc  Slates.  o.  The  Magnra  rind  Kliwa  Sandstones.  6+ — The 
Ncogeue  Salt  Clay. 

Of  these  Nos,  1,  3,  I,  and  (>  nlunc  are  ial-bearing.  Sections  aeross  the  oil  Wring 
district*  aro  deacril>ed  and  in  some  canes  illustrated.  At  lio/pm-ie,  Kosehy,  Krceiata. 
Mra/in<"i,  and  Grow,  the  oibbeariug  portions  of  the  Uopianka  series  occupy  the  anti- 
clinal axe«  of  the  folded  aiud  contorted  beds  in  a  very  striking  manner*  This  is  also 
the  case,  though  perhajw  less  conspicuously  so.  with  the  Hoceue  localities  in  the  basins 
of  tlif  San,  Dnjester  and  Strwia/t  Stryj  and  Opor,  and  at  Minun  and  elsewhere  in  the 
easternmost  part  of  Galicia,  The  **  mineral  wax"  or  Ozokerite  occurs  in  the  Neogene 
Salt  Clay,  where  the  beds  are  ho  contorted  aa  to  be  apparently  beneath  the  really 
underlying  Me  nib  te  Slates,  lioryslae.  where  i\\U  inversion  takes  place,  is  the  chief 
locality  for  this  substance,  which  U  found  in  exactly  the  same  position  us  that  occupied 
by  the  iietroleum  in  the  older  beds,  namely  along  I  he  mi*  of  a  sharp  Middle  fold  or 
anticline.  O.  A,  L. 


A  MINERAL  SPUING  IN  THE  CO  A  L  -  M  EA#  I T  K  KS  OF  THE  SOUTH  OF 

FRANCE. 


Note  stir  mtr  Source  mineral*  rencontre**  dan*  nnc  gahri*  dc*  houillirt*  d*  Qagmicm 
(Qard).  Bft  M.  I^rhaix.  Bulled*,  Sac.  QfrL  de  Frame*  t  Sir.  3,  Vol.  /X, 
pp.  22U  222. 

This  spring  was  struck  tit  a  depth  of  250  metres  from  the  surface  (47'G  metre* 
ubove  sen-h-vel),  in  driving  a  gallery  iti  the  (iagmeres  Colliery-  (Department  of  Gard), 
The  r«K'k«  were  shales  and  tine  fissured  <*ainMone^  The  temperutme  of  the  water  wan 
19C  C.  Oil  eva]>oration  10,520  grammes  nf  solid  mutter  wa*  left  per  Hire  r»F  wat«rr. 
The  analysis  of  this  residuum  U  a*  follows  [analysis  given  here  exactly  a*  by  the 
anther]  t — 


8iO«     

Traces. 

CaO   

0*500 

MffO 

 <H&0 

Fe*0*,  AlaO» 

Traces* 

SO1 

 8£W 

Q   

0-217 

AHmHw  ...   

6-056 

HO  and  CO1 

oeoo 

10*497 

The  water  give*.  ri«e  to  *  ronsidornhle  calcarcmi*  and  inagnesiau  depotcit  in  the 
working**  0.  A,  h. 


COAL* FIELDS  OK  THE  PYRENEES, 

Sur  fa  Gtologie  rfcg  Pyrfneex  de  la  Nararre.  tttt  Guipmcoa,  ef  du  Labomrd,  B$ 
P.  W.  StcaBT-Mkntkath.  Bulled*,  Soc.  fVrV.  de  France ;  Sfr.  3.  VoL  JX. 
pp.  30J-333.    With  folding  Mtip  (geological)  and  teeentrrn  Figure*  in  t**t. 

Tin*  paper  i-  mio  mi  the  detailed  geology  rtf  the  region*  named  in  the  title, 
and  include*  descriptions  of  deposit*  of  Silurian,  Devonian,  Carboniferous,  Pcrtutau, 
Triable.  J  (tragic,  »"id  Cretoceou*  *ige,  a*  well  a*  *«rr)H'iit  hie*  (ophite),  granite*.  pnr~ 
phytic*,  imd  other  highly  altered  utid  igncou*  roek«.  The  oiudl  coal-field*  of  \*  Khunr 
and  Iliaulelli  were  known  l>efore,  but  the  author  add*  considerably  to  our  knowledge  «f 
their  #t ratigraphical  und  |»duviiitoh>gieul  relations.  They  belong  to  the  am<  horison 
an  thr  Cpper  Oar  U  microti*  of  Snint-Kf  ienne,  oeeur  iit  irregular  folded  it  rata  conform  ■ 
ably  underlying  bed*  regarded  u*  Permian  l\v  Mr  Men  teat  h«  and  are*  bounded  by 
faults  of  large  throw*.  Heneath  the  Coal- Measure*,  though  often  not  \«»ry  clearly  or 
satisfactorily  nhown  either  a*  to  }>osiiimi  or  foafiR  ik  a  neries  of  marble*  and  other 
calcureon*  and  more  or  ten*  metamorphosed  deposit*  and  chert*,  which  i*  described  and 
map]*>d  in  the  present  j  taper  n<  Lower  Carboniferous  of  Carbon  if emu*  Ltwcabaio  a#fr. 
In  thiH  view  the  writer  follow*  Dr.  Oh.  Hanoi*.  »ho  in  IH81  gave,  for  the  flr»t  time. 
t^alHH^ntolngical  prtwif  of  the  Lower  Carl  mm  fern  lin  ag\'  of  ihe  well  ktioirn  mte+rrw 
tfHottes  of  the  Pyrenee*.    The  map  in  on  the  scale  of  1  ;  200,000 •  tl.  A.  L. 

•IS**  *ko on lht» Mili>«ei  •>  H<jU> hj  IW  H*lwrV  B*U  jUr  t#>«J  Fw.  **t  \  w  lf»  til  I 


THE  DIAMOND  FIELDS  1>F  SOUTH  AFRICA. 


Note  Jtur  fn  Reffion  diamantifere  de  CAfrtque  A  tut  rah.     By  M.  OKaJWL  Bulletin, 
Gfol.  de  France;  Sir.  3,  Vol.  IX., pp.  8,  t*. 

A  liritff  account  of  a  separate  work  published  »n  this  subject  by  tbe  writer,  to  this 
work  the  geological  features  of  tbe  diamond  dcjjosits  of  liriqualand  West  are  given. 
These  do]>nsit-  tbe  author  n^mU  :is  having  Wen  thrown  tip  hi  a  very  fluid  condition, 
at  a  low  temperature,  and  at  repeated  interMil-.  The  manner  in  which  the  material-; 
in  question,  after  ejection  and  consolidation,  were  depressed  and  dislocated,  i>  •  ••r\- 
sidered,  and  dykes  of  seqieutinou*  (ophitic)  matter  cutting  through  them,  are  d esc ri lied. 
The  formation  of  various  products  of  emanation  and  especially  of  the  zeolite*  accom- 
panying the  diamond  rocks  in  explained.  The  other  minerals  found  associated  with  the 
gems— garnet,  titanifuroiis  iron,  hannatite.  aahlite,  vaalite.  etc — are  described  by 
M»  Friexlcl,  and  the  rocks  them  selves  by  MSI.  Foil  que  and  Michel -Levy.  The  general 
result  of  these  combined  studio  is  th*1  view  (hat  the  diamond  lias  not  been  torn  away 
from  a  pre-exi-dinu:  rock,  but  i>  found  in  its  original  mother-rock  or  gungue.  A  map, 
three  plans,  and  eight  plates  illustrate  the  original  work.  0.  A.  L. 


PBftMO  <  A IUJOX1  FERGUS  ROCKS  OF  ATT  FN. 

Stir  tex  Foteiies  dn  Terrain  Pet  mien  tf  Autun  (Saone-et- Loire),    fttf  M.  ft,  HoCHV. 
Bulletin,  Nor.  (Mot.  de  France;  Ser.  3.  Vol.  TX.,  pp.  78-83. 

The  Autun  district,  so  lung  known  for  the  bitumiuoux  shales  worked  there,  is 

H|H?eially  interesting  a<  -ifi". irdiug  m  f  tbe  hest-tt udicd  examples  of  a  perfect  |«issuge 

from  C  mil- Measure-  to  Permian.  These  oil -shale*  are  divided  into  three  easily  -distill  - 
ffnished  divisions:  — 

1.  — A  lower  mb-stage,  150  to  2iM\  metre*  thick*  Comprising  the  IhxIs  worked  at 

Igornay  and  Saint- Logcr-dii- Horn  This  division  lies  quite  conformably 
u|KUi  true  Coal- Measures  (worked  for  coal  at  tirand-Moloy  and  elsewhere), 
and  contains  plants  chiefly  churucLcristic  of  the  latter  scries,  but  mixed  with 
?i  very  few  Fcrmian  species.  The  animal  remains,  however,  have  a  much  less 
Coal  -  Measure  facie*.  They  arc :  CKOTAttiA  Ctfprv'ide*,  Xrctotehott; 
V is.lt  KA — PalwotnrtvuK,  Ambfypterujr,  Acaufttoden^  Pteuracanthng ;  Sau- 
Fii  ash  —  Actittodon  Fro*3ardit  Euehifroxauru*  Rochei,  Stereorachi* 
domintnt. 

2.  — A  middle  sub-stage.  uf  more  than  300  metres  thick,  comprising  the  Iwds  worked 

at  Laity,  Mum  ,  Cordesse,  I >racv  Saint- Loup,  llavcloii,  La  Camaille,  and  Lc 
Uuet.  In  this  division  Permian  plant*,  including  several  species  of  Callip- 
terix  and  Watch  la.  are  much  more  numerous,  although  many  Carboniferous 
species  are  still  common.  The  animal  remains  arc  much  the  name  aa  in 
the  lower  sub-stage,  with  tbe  addition  of  ictinodon  major  among  the 
Saujuans,  and  the  interesting  Hatha*  hmns,  Protriton  petrote*  and 
Pteitronoura  Pellafi. 

3.  — An  upper  sub-stage,  known  as  the  Boghead  beds,  about  500  metres  thick,  ami 

comprising  a  seam  of  so-called  Boghead  coal,  winch  has  1*jen  worked  at 
Sunuonliu.  Millery,  and  Margenues  all  in  the  iieighbnurliond  .if  Autun. 
In  this  division  the  plants  are  almost  all  of  strictly  Permian  species,  with  a 
very  few  form*  character)  *i ic  of  the  Coah  Measures.  The  animal  remains 
are  the  same  a-*  in  the  middle  division,  with  the  exception  of  the  Saurian* 
w  hich  have  not  been  found  here,  G.  k*  L 


COQUILMON'S  A P  PA  U  ATI'S  VOli  ANALYSING  FIRE*  DAMP* 
JVb/e  *Hf  V apparent  Coquillion  pout'  V  analyse  du  OH*au,  *U.    Par  M,  Can  I  RLt 
IttgeHieHr  en  Chef  dr*  Mutr*,     Annate*  dr»  M\m ;  SJr.  7,  Tome  23%  1881, 
pp,  509  to  534. 

The  principle  of  the  invention,  which  dutos  from  1K77,  U  the  propert\  p^*<  -m^I  hv 
earburettcd  hydrogens  of  combustion  in  eonUct  w  ith  a  red  hot  palladium  wire  in 
oxygen,  leaving  u  product  of  nut* r  and  eHrlKniie  acid.  By  condensing  the  water,  and 
emu  paring  the  volume*  Vfore  wml  after  eoiubu*tion,  the  proportion  of  earburettcd 
hydrogen*  can  he  estimated.  In  mixtures  up  to  nine  per  cent,  of  fire-damp  and  air 
the  apjxiratus  is  reliable.  Tables  of  seventeen  different  experiment*  with  product*  arc 
given  in  the  paper.  D*  P.  M. 


THE  SKA  HAM  AND  PKNVfiHAlG  RXPLOSION'S. 

Xotr  rur  It*  Explosion*  xu rctntte*  dun*  le*  houi  Herts  dr  Stahum  et  dt  /Vayyr  ^ 

Par  M*  L.  Aorn.i.oy,  I»gh*itnr  des  Mint*.  An  Haiti  dm  Minn ;  Sir.  7t  Tome 
XX.,  1881,  pp.  209  to  247.    Plate*  IU.,  IV.,  and  V.,ft<f.  I, 

The  interesting  account  of  tln-e  two  accident*,  which  occupies  wine  forty  l*gv*- 
deserves  more  than  a  mere  summary ;  but  an  all  the  detail?,  and  the  voluminous  report* 
ate  still  fresh  in  the  minds  of  the  members  of  the  Institute,  a  notice  of  the  conclusion* 
will  be  sufficient. 

1.  — Nka  jia  m  . 

The  author  state*  that  it  is  plainly  apparent  that  the  cxphwiou  could  not  hate 
occurred  in  any  working  place  ( chant  itrj,  ami  that  the  seat  must  la*  looked  for  within 
a  radium  of  800  \anU  fmni  the  shaft  in  one  of  the  main  intakes.  The  return*  and  the 
furnace*  are  evidently  mit  of  the  imestioti.  The  evidence  tendered  mi  behalf  of  th* 
owners,  ami  of  the  engineers  employed  by  them,  seeuih  to  place  the  site  of  the  explosion 
to  Kauishaw's  place,  whom*  body  and  lamp  were  found  shattered.  The  wen's  represen- 
tatives mid  the  Irrivcrument  Insja-etors  disputed  energetically  this  view,  and  the 
ffUlner  attribute  it  to  an  oil  lamp  at  tin  interior  -tuple,  ami  their  theory  ha*  tin*  in  it* 
favour,  that  tin  air,  having  the  choice  of  two  seam*,  might  hate  become  stagnant 
in  the  staple,  and  gas  accumulated  there. 

The  Government  Inspectors  seem  to  refer  the  |M>iut  of  ignition  nearer  to  tin  down 
cast,  i.e.,  nt  the  rune  cross-cut.  V*  this  would  dcpeini  i  h  t  (which  has  not  been 
ascertained  to  lutve  been  blown  out),  the  combustion  of  coal  dust,  on  which  their 
theory  iU'|H'inUt  does  not  apja^ar  proved.  In  fuct^  unless  Pmfe*«ir  AWl**  riperimcMt* 
arc  set  aside,  nearly  2k  j^r  cent,  of  tire-clamp  would  have  to  lie  prevent,  In  disiuU* 
sing  this  view  the  writer  agrees  with  oiir  w  it  lies* ,  that  if  a  shot  could  Light  up  in  so 
vehement  a  manner  Coal  dust  alniu.\  mo»t  (>f  the  collieries  in  the  North  of  England 
would  have  long  ere  now  erased  |o  exist.  The  author  give*,  as  his  oh n  opinion,  that 
the  main  auction  was  entirely  left  out  of  the  hujuirv,  vi/.,  the  ffe»eral  urranarmrmt 
airway*  ami  working**  He  aKo  pants  out  that  nearly  the  whole  of  the  tictito* 
perished  by  suffocation  from  afier-damn  at  ]*  riotls  of  various  duration,  and  that  this 
should  lie  n  warning  to  KugtUh  mining  engineer*  lo  investigate  the  nubject  of  extci»< 
sivc  goaves  ami  numerous  ramifications  nf  intercrossing  airway  A  e.ou|»mtavisljr 
••mall  explosion  may  destroy  all  crossing-*,  stopping*,  and  dnm-s,  and  immediately  the 
miles  of  workings  Uroine  dead  {rut*  dt  Mac),  The  author  U,  therefore,  of  opinion  tliat 
some  sy ttcui  by  which  the  upcast  should  !*■  placed  at  the  extreme  ri*e  Would  obviate  to 
smiie  extent  the  danger*  arising  from  th*  present  system  of  ocifhlsmring  pit*  muj 
complicated  ai»  w^>  dci«'iuling  oti  rnFs*ings  and  H-|Strutioii  d#sir> 


fc— PSVVOUAIQ 

The  eimelnsions  arrived  at  in  this  ease  are  very  similar  to  the  foregoing.  The 
workings  were  all  dependent  011  crossing  and  in  the  disablement  of  these  became  so 
many  cufo  de  sac.  In  addition  the  mine  wa*  fiery,  and  powder  extensively  used.  In 
in  it  In  r  of  the  hvn  case*  can  dust  br  char^-il  specially  with  the  disaster*  but  both  ncei* 
dents  |H>inl  to  defective  arrangements  nf  working*  and  airwave  D,  P.  M, 


MINE  HAL  AND  METALLURGICAL  STATISTICS  Of  si»AlN\  1871-75. 

Statist  iq  a  e  Mi h tire  ft  Sfefalfurgique  de  V  Eepagne.    Par  M.  Co  10  SET,  Bulletin 
de  la  Sodete  de  V  Industrie  Minerale;  Sir.  2,  Tome  X.  1881,  pp.  112  41.V 


Provinces. 

mt 

law, 

1873, 

1S74 

187*. 

Pro- 

ductioD, 

Pro- 
duction. 

J',-,. 

il  action 

U  act  inn. 

Value  per  Too  at  the 
Pit, 

Iron  Orr — 
Hi  way** 

Sautander 

Malaga 

Mureie 

Almerie 

(]iii]>u/eoH 

Navarre 

Seville 

Ton* 
103,142 

35,460 
31,025 

I2.7n7 

3.2i*."i 
13,2  jo 

II^IMiJ 

51.207 

30,900 
Go, (UK) 

50.589 

:«».:>:.! 
2Wl«) 
3.473 
11.081 

Tog*. 

3o:.,:uo 

51,000 
118,018 
72.770 
3U  >20 

23,000 
10.204 

Toon, 

05,876 
78,830 
62,645 
110,886 
75,120 
10,081 
9,175 
3,320 
0,no2 

Tun*. 

31.296 
50,196 
69.000 
42,283 
190,620 
82,900 
17J  38 
13.102 
3.500 
7,734 

230 

HO 

8 

5  LV50 
350 
li 

10 

in 

£    ».  d 

V84 
2-08 
0-4 

4-12-4 
2-80 
4*8 
8 

Total  .,. 

585.762 

721,408 

8i  tj*m 

423.101 

520.094 

Non-argentifer* 
onx  Lead  Ore — 

Mureie 

Jaeu 

Almerie 

Hadajoa 

Cordon  e 

Grenade 

Othem 

72,718 

1L900 
2.2iKl 
L896 
4,512 

23K580 
93,082 

1  1,814 
770 
1.292 
3.001. 

118,782 
09,315 
21,334 
4.522 

2,978 

132  508 
65,018 
13,081 

1.1  so 

4,488 
4,190 

is  1,7 1 1 

87,855 
12,707 
lo,310 

MM0 
i.mo 

3J40 

5 

235 
200 

MO 

I  W 

10 

0  8 

8  0 

9  12 
5  12 

Total 

MJ2.789 

373,843 

218.535 

227,500  304,478 

Argentiferous 
Lead  Ore  — 
Almerie 
fimlml-Keal  ... 
Badajoa 
(impn/coa 

Tottdt 

Others 

2f;,500 
1 207 

1.034 
250 

31,373 
1,431 

i£$q 

260 

33,437 
1,856 

892 
130 
189 

55,431 
2.0 19 
150 
2130 
I.I.VX) 
280 

30.118 
2,700 
580 

170 

217 

600-870 
530 

8  13  6 

£2t-£34  W  O 
21  4 

80»788 

34,380 

30,501 

00,3  Ui 

33,580 

j  ... 

fiifour  0/*e  — 
Almerie 
(iiiadalajar:i 

Seville. 
Grenade 

12,380 

855 

30 

5,880 
1,037 
17 
LO 

650 

32.605 
701 

35,s;ti 
510 

95 

701-70 

3  16 
30  1170 

Total  ... 

13,265 

6,944 

50,650 

33,306 

30,380 

Okeb.—  Cantintttd* 


\m. 

1B72. 

\m 

1874. 

I1!  v 

Pro 

Pro 

Pm 
Auction. 

*l«ctl*-m. 

V*2ae  i«r  Too  il  the 

PH. 

Copper  Ore — 
lliielvu 

AlMifa 
Sftntautlcr 

Others 

TuUl  ... 

Tutl*. 

489.<>91 
7.21 -I 

l  ,i 

200 

Tons. 

•197.6-u 

6,OH0 
IA1 

MH 

2.070 
130 
0f| 

Trvnu. 
2'.»K.5*» 

33,120 

WH 
345 
93 

T«iia- 

539,8*9 

19,303 
100 

HO 

Ton*. 

783,787 
17.703 
335 
120 

27-41  i 
20 
195 

3on 

CI  l«  €1  V>* 

i« 
7  1« 
12  0 

49S.206 

BOM40 

333,086 

500,341 

*  »2,033 

Zinc  Ore— 
SifttitntxW 
Mnreie 
Alm*;rie 

OfWo 

AUv* 

Tcrwcl 

Qmm 
Tuui 

N1JOH 
11,705 
i;  cvi 

2^30 

l.otti 
9  to 

mo 

7"2 

995 

ti7,fi09 
9X>n 
0,073 

8tkl 
1,123 

400 
1  t0fi5 

000 
1.731 

«5t127 
3o.5fi3 

3,700 
100 
... 
0Q0 

10 
1.2ftU 

7a  1  18 
3l,89U 
816 13 
30 

. 

*7ii 

71  587 
21.749 
U19& 

250 

MM 

55 

32  50 
50 

50 

2  4 

1  B 

2  0 

2  b 

107,3*0 

K937I 

101010 

1W,477 

locum 

Manga  Ht**Q  re- 
HnelvR 
Ovifthi 
S4vilh< 
AhntfrU* 
Term4 
Other)* 

Tot*.  1 

12.217 
UK 
MM 

191 

27,055 

urn 
111 

800 

15,511 
1,020 
177 
M7 
2fil 
75 

1,000 
77 

im 

502 

13  350 

000 

70 
fk»0 
90 

1  • 

70 

50 

15 

2  4 

2  |0 

2  0 
12 

32.72f» 

18.054 

1 1.710 

|  ...  i  ... 

2.    Mktam  ix  1H"5, 


MKTAt* 

Weight 

*** 

•  d. 

Cn*t  mm   

:«l.fi00  t«m« 

1,729,071 

100|100 
3fl,fi00 

fr2 

Wrought  iron   

2.057 

917.273 

IK4 

StfH   

110  ,. 

I57J0Q 

0,28* 

0 

107,768  „ 

1,903353 

o 

Ar^eMifVriftn  hiul 

11,8*7  „ 

t(^017J02MO 

112,710 

:v36 

0IKffr 

5.91371  kthv- 

1 .280,57480 

(1,000 

siat 

li,033  ton* 

<»  w<;  r,oo 

377,Mi0 

0 

Tin 

1,200  kihifc*. 

I05 

12 

EiM 

3.K31  bom 

2  028,159 

M.IStf 

7*2 

Mrrcurv 

l,42fl  p 

14^X^3  70 

583,638 

(V96 

8od»  „ 

M>1  ■ 

MM 

2.212 

UN 

Alnin 

352  w 

fti;M2 

2,533 

13  « 

Sulphur 

3.0511  ,, 

5^851*25 

22,754 

1 

(VllU'Ut 

Him  m 

20O.fX»0 

HjYiB 

o 

Total 

1*3,432.291% 

3.    KxpouTATtov.    <)nr,s  and  Metms. 


OBE»  AMD  METAL*. 

1371, 

1873. 

1873. 

1874. 

1875. 

0/*** — 

'J'  Aft 

Tone 

Tod*. 

To  lid. 



Tom. 

Iron 

391,43fi 

715,802 

800.3 SI 

711,127 

Lead,  argentiferous  or  otherwise 

l,I*>s 

X3St 

4,061 

8,146 

9,954 

Copper  ...  n« 

247,2^3 

271JSI- 

289,K"G 

362,478 

Tin   

13 

9 

Zinc   „ 

33TS07 

43,503 

12,777 

Mercury  ... 

5 

Antimony         . . ,        ...  .., 

20 

25 

Cobalt  , 

1 

47 

Mjintr/aiiCiie 

23.HI  ;s 

lit ',7 1*0 

B9L066 

tl,93<i 

13,053 

Sulphur  . 

100 

710 

Phosphate  <if  lime 

33,417 

1  I  ,H  12 

KM) 

19,193 

Iron  pyritej 

250 

6,951 

l  5  70 

Metah- 

Wrought  iron  uiul  tools 

417 

2,173 

682 

1.421 

907 

Steel   

5S 

16 

Pig  M  

14,855 

32.7*0 

40,200 

Argent  if  ermts  lead  in  pip* 

45.335 

10360 

38.201 

4is.rc.i7 

51,529 

Keniii.it  copper 

358 

1 .295 

81 

38 

Cement  copper  , ,   

MM 

3,li84 

4,417 

Tin   

1 

Zinc  in  bars  and  fthecttt 

1.531 

1,030 

1.992 

1,336 

1 .17* 

Mereury 

586 

1,716 

Argentiferous  litharge 

9 

1 

J,  ]|.  t£, 


MINERAL  STATISTICS  OF  PORTCGAL,  1866-1876. 

TahUau  dt  Fexportafton  dr*  prittcipaux  tm'nerais  ex/raits  den  UliWft  de  1866- 1876, 
par  M.  CoiGNET.    Bulletin  de  fa  Soctfii  de  I' Industrie  Mineral*; 
Sir.  2,  Tome  X,  1881,  p.  416. 
Table  showing  Exportation  of  Ohs*. 


1868 


187" 


Lead. 


lim  2,510 
18701.039 


p  2.323 
18721.093  349, 

1873  140?  330, 

1874  1,137  308, 
1875 
lH7ti 


Value. 


Fn>. 


72,472 

383,022 
237.938 
310,788 

wm 

ym 

1,316 
8631278,  550 
1.383 


2,898 
5,478 
15,320 
9,517 
11. 071 
9,978 
10,413 
12.333 
11,142 
456,744  18,369 


17  0 
17  0 
17  6 
10  4 
10  4 
13  8 

4  0 
0 

0 

15  3 


Fn 

C}915  8,989,844 


111,873 
85,693 

ii ' 

274,383 
117 


Mm 


CULM 


5,471,233 
4,398.3S3[l75.935 
7,011,434  280,459 
9,178,986  387.158 
5,073.715  238,948 
161,689.  9,077,686  383,107 
222,0^11,027,777  441,111 
B|t68.051  8,27i733l331,028 
367.770  8,809,155352,306 
61,773  3>  155,200  126,303 


ad. 
15  2 

64 

6  4 

II 

12  h 
40 

I  (j  | 
1  G 

17  6 
4  C 
0  0 


Tit* 


Value. 


14,861 
30,477 
43.861 
91,772 
LB,  005 
16,494 
21,577 


£  b.  d 


594 
1.219 
1,754 
3,634 
1,040 
859 
883 


Laos  abb  Manganese. 


619 
1,809 
5,223 
12,994 
14,428 
4,4  Tj 


8  8  31,444 


17  8 
40 

15  2 


30,945 
36.009 
43,822 


1  6  B68 


Value. 


Fr*. 
59,533 

103,610 

498. 5Ui 

442,661 

650,872 

317.81  f, 


£  id 

2.331  C  4 

4,144  12  b 

19.940  0  0 

17,700  6  8 

36,035  17  6 

8,704  12  8 

1,421  38350.975  0  4 


1.301,316  52,132  12  8 
L216, 450  48,658  0  0 
787,87231.502  17  6 
559,50533,380  4  0 


Phosphate  or 
Lime. 


7 
48 
469 
72 

m 

1,817 
154 
356 
4,479 
3,902 


Value. 


8,555 
11,300 
164,355 
76,55o|3,i 


H  ll 

4,083 

163 

6  0 

33,161 

938 

88 

12,500 

£00 

0  0 

17,027 

681 

1  6 

97,344  3,893  15  2 


342  4  0 

453  0  0 

6,574  4  0 

062  0  0 


J.  II  M. 
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THE  ACT10X  OF  ZINC  IN  BOJLKltS. 

Sur  1' action  de  presence  des  feuiltes  de  zinc  dans  les  chaudi&res,  et  §vr  km  procidi pour 
en  inter  let  explosions.    Note  de  M.  TuKVK.    Comptes  rendut;   Tome  XCV^pp, 

623-521. 

Since  1875  experiment*  have  been  made  in  the  French  navy  on  the  use  of  cine  for 
the  prevention  of  in  cm  station. 

The  boiler  plate*  mid  sdnc  form  a  battery  which  decompose*  the  water  into  its 
dement*,  hydrogen  and  o*ye;en,  The  oxygen,  combining  with  the  zinc,  form*  cine 
oxide,  which  enters  into  combination  with  the  fatty  acids,  and  mixes  with  the  water. 
Zinc  soap  U  produced  which  prevents  the  salts  thrown  down  by  vnjwiri  ration  from 
adhering  tu  the  plates.    One  stroke  of  a  brush  is  sufficient  to  remove  them. 

The  hydrogen  disengaged  tends  to  aerate  the  wuter.and  thu*  the  danger  of  exjilusion 
from  superheating  i>  much  lessened.  The  author  thinks,  however,  that  this  action,  good 
in  theory,  may  not  always  be  realized  in  practice,  and  recommends  the  completion  of  it 
by  mechanical  means  under  the  form  of  a  moderate  but  continuous  injection  of  hot  air 
into  the  lower  piirt  of  the  boiler,  or  better  still  of  a  rum-o\idizablc  gas,  such  as  carbonic 
acid.  .1.11.  M. 


THE  THOM  A  S-  G I LCH  R!  ST  PKOCKSS. 

Discussion  svr  la  Diphospfurrat ion.      Par  M.  Itocorn.     BulUtin  dc  V Assoc.  dee 
Infjenienrs  sort  is  de  VEcoU  de  Ltcr/r ;  youre/h  Turn*  ?*.,  1881,  pp.  8-16, 

In  the  course  of  hU  paper,  M.  Uoroiir  givts  the  following  mifihsi*  «f  the  urst 
twenty-five  tappings  made  nt  Moutlm;on  in  December,  1880. 

I  iios.  Srasx. 


m, 

Mn 

Ph. 

0. 

H. 

Mn 

I 

1-43 

...  1'80 

1*59 

0*31 

0  06  ■ 

..  043 

0O5 

.  047 

i*62  ti 

0  29 

001 

057 

,  QW 

3 

.  110 

.  176 

026 

tr. 

054 

000 

4 

103 

1-58  . 

0'24 

tr. 

0*57 

.  .  0*06 

5 

111 

I'M  u 

HQ 

0-37 

0  03 

032 

.  0VH 

6  .. 

.  0<>5 

...  1*29 

L*05 

0'3o 

tr. 

0-36 

on 

7  .. 

.  076 

1*30 

032 

005 

0  68 

0*03 

H 

,  0'68 

1-33 

176 

026 

002 

0-43 

,  0*07 

9 

i  0*67 

...  1*01 

042 

005 

...  0*04 

10 

,  0*67 

...  0-97 

0*12 

tr. 

0*05 

11 

.  0*08 

12 

.  0-79 

.„  1*22 

010 

n  005 

0*54 

0*10 

13 

,  078 

...    1*18  . 

0"  Ki 

0O2 

.  0*54 

...  0*07 

|| 

.  102 

.   2  0:i 

0  3E 

tr. 

046 

...  0*06 

15 

,  0*95 

... 

.  168 

0  37  - 

.  om 

.  0-75 

.,  O06 

1G  M 

,  0*90 

...  176 

038 

0-04  M 

.  0*54 

M  0*05 

17  M 

.  0-75 

...    133  H 

a  38  . 

oot 

064 

M  oor 

18 

075 

■1    1-00  , 

0-45  » 

002 

u  0*8* 

m  007 

19 

I  00 

170  .. 

0-38 

tr* 

0*54 

...  0*05 

20 

0G8 

0-95  . 

046 

0  0*3 

083 

001 

Hi  tm 

,  0-64 

1-29  ., 

Mi 

tr 

..  0*57 

006 

22 

i  0*65 

,     1*40  , 

0-53  . 

A  tr. 

,  068 

23 

.  0*51 

...    1'20  . 

1 01 

u-3i* 

„  0*03 

O-50 

0*03 

.  040 

MS  M 

040 

tr* 

0*68 

...  004 

2*  M 

090 

154 

0-19 

0*04 

0*2 

...  oo» 

J.H.  M 

INDUSTRIAL  MAP  OF  THK  OAKD  COAL-F1KLD. 
Carte  induxtrielle  du  busstn  da  &ard.    Par  M.  GlJiUKAr.    Bulletin  de  la  Societe 
dr  I' Industrie  Mi mlrale ;  tfeV.  2,  Tome  JTI.,  18$2,  pp.  B1P  Sift    Mates  AT„  XVI. 

Piute  XV.  is  a  geological  map  on  the,  scale  of  „it{tuil,  showing  the  royalties,  Wh 
c<Mkl  mid  metalliferous. 

Plat*1  XVI,  contains  diagram*  shuwiug  the  production  of  cool,  iron  pyrites,  and 
zinc  from  18B0  to  1880  inclusive.  From  these  it  appears  that  the  output  of  coal  has 
increased  with  more  or  lens  regularity  from  IXK)S000  tons  in  lHtfO  to  2,1*10,000  totu  in 

M.  liarrcau  also  lti\ t'^  at  geological  section  *>f  the  strata.  J.  II.  M. 

THK  CANALISATION  OF  THK  SK1XK. 

I\itu*  Port  dr  Mtr.    Pur  M.  Hoi  tjr  1:1  i>k  1  a  Gkye,  pp.  507-o23.    Creation  d'un 
Port  de  Mtr  a  Pans,    Pur  M.  Kdmonii  Hoy,  pp.  624-538,    Dhvussion  pp, 
555-5G8,  5£M-60ti.     Memvirtx  ft  Vompte  Ht  udu  de#  Travaaje  de  ta  Soc.  des 
Ingtnitttr*  CiriU;  1882,    Vol.  I. 
The  lie  papers  discuss  the  question  of  the  conversion  of  the  river  I^eiue  into  ft  ship 
canal,  us  tar  a*  Pari-.     M.  Bouquet  de  la  Grvc  U  in  favour  elf  the  HjheiJie,  M.  Ednumd 
lloy  is  oj»jK)s*etl  to  it.    Amongst  other  objections  flic  latter  thinks  that  eonl  could  then 
bo  conveyed  without  trail  shin  met  it  direct  from  Kngland  to  Paris  to  the  exclusion  of 
French  coal  frutn  the  Pas  de  Calais.    He  favours  the  construction  of  the  Grand 
Northern  Canal  connecting  Pari-  wilh  it*  northern  coal -Held?.,  by  nmms  of  which  the 
freight  of  coal  would  l>c  reduced  from  it*  present  H^ure  .V20    5"fi0  shillings  (fr6fl— 7*00 
fr.)  per  ton  to  2  80    320  shillings  (:V50 — POO  fr.)»  thus  benefiting  Wh  the  city  of 
Paris  and  the  Pas  de  Calais  coal-field.  J.  H.  M. 

INDUSTRIAL  LEGISLATION, 

La  liberie  dfx  meitures  coutre  tr#  acrid  ruts  i  tut  us  f  nets.  Par  M.  Ue<_outI;s  Salomon, 
Memoircft  et  Compfe  Rendu  de*  tranmx  de  ta  Sac.  drx  Intuit  tics  Civih.  1882. 
Vol.  t    pp.  653-om 

M.  Louis  Ovieve  ha*  addressed  a  petition  to  the  Chamber  of  Deputies  asking  that 
•Articles  I  t  and  lti  of  the  law  of  the  19th  May,  ]  H7  ^  mi  the  employment  of  vhifdrrn, 
should  he  extended  so  lis  to  include  adult*  employed  in  all  trades,  agricnlt ural  as  well 
as  industrial. 

The  Chamber  of  Deputies  sent  the  petition  to  the  Miniver  ..f  Agriculture  and 
Commerce,  who  luus  opened  an  impury  through  the  PrefeU,  by  mean*  of  a  circular 
dated  5th  April,  1880,  This  ha*  met  with  11  hearty  resjkuise,  and  M.  Salomon  pro- 
poses that  the  matter  sheuld  he  considered  by  the  Institute  of  Civil  Kjigineers. 

M.  Salomon  reviews  the  industrial  legislation  of  Huglaud  Menu, my  Pfimpfi. WSA 
Switzerland,  and  in  an  npiauidix  gives  extracts  from  their  laws.  He  also  tjttotefl  the 
rules  of  two  private  societies  for  the  prevention  of  accidents  in  workshops,  vias. : — 

The  Mulhouso  ftijnrtitlOTI  fur  the  Prevention  of  Accidents  from  Machines; 
and  the  Houeu  Association  formed  in  December,  187^,  for  the  same  purpose* 

On  the  whole  he  seems  to  think  that  the  formation  of  such  societies  as  the  above 
would  work  better  than  Government  legislation,  and  recommends  that  each  industry 
should  issue  a  hand-book  of  its  trade,  to  point  out  how  accident*  may  be  prevented, aud 
also  to  be  an  industrial  text  hook  fur  the  use  of  students  and  workmen,        J.  11  ♦  M. 

•  Art.  11— The  workshop  ahiUI     k»Pl  ^"axi  and  uioparly  Tcritll«to<l    Tboy  thalJ  have  all  the  eouui- 
tiun*  of  security  nu<l  salubrity  uece#*ary  for  the  lieaJtli  of  ehlldjrcn.    Moiiug  machinery,  Uni^,  etc  ,  unuat 
Fenw<l      Art  10     Innpvttor*  shall  he  ij(pc»lntcf]  to  »ou  that  the  law  1#  carrieii  ullt. 


RUCKS  OF  COAL  AND  COKE  AT  ST.  KTIENWE. 


Fr  ix  *  Co  h  ra  n  (m  dex  Ch  a  rbonstt  Col  ft  a  St .  Kf  it*  w  e,  ft  ul  let  in  de  /«  Sttcittf.  de  V  T ndiutt  n> 

Ktnit&i,  8Sr  S,  Tome  X  ^  263        p.  643 ;  1882,  j>.  3-11. 

Price  per  Ton  «rf  2,204  It* 


»th  June.  1881  31rt  J»a 1882.  I5tb  Jul j.  1883. 

P  L  1  (L  ft.  * 


Large  hard  liand  picked  coal. 

1st  quality  ... 

ltd 

to 



.    28*8  to 



,,    28*8  to 



Large  tender  hand  picked  eonl( 

triK  'd  oualitT 

2i'6 

_ 

23'2 

216 



232 

.  208 

232 

Large  tender  hand  picked  cmil, 

ordinary  quality 

184 

200  r 

„  200 

208 

.  20-0 

20*8 

Screened    1st  quality 

is-  i 

21-6  . 

.  184 

216 

16*8 

216 

Do.     2nd  do.   

15-2 

17*6 

.  15'2 

,.  16'2 

16*8 

Nuts,  washed  ... 

16-2 

160  . 

.  14*4 

16'8 

14*4 

16*8 

Do.  unwashed 

112 

12'8  . 

.    11  2 

128 

11'2 

12'8 

Gas  coalt  1st  quality 

1 5  2 

16*0  . 

15-2 

160 

15-2 

16-0 

Do.     2nd  do  

14*8 

15-2  . 

.  US 

152 

13-6 

15-2 

Smiths'  coal.  1st  quality 

1st 

200  .. 

18*4 

20^0 

184 

20-0 

Do.        2nd  do. 

160 

168 

160 

168  * 

160 

168 

Do.        washed ... 

11-4 

15-2 

.  144 

162  « 

h  14-0 

llr)ijM'  eoul,  1st  quality 

120 

128 

.  120 

13*6 

12-0 

13*6 

Do.       2nd  do. 

112 

ua 

11*2 

Small  coal  for  luvgc  rnrpnp.s 

1*04 

112 

10  4 

112 

.  10*4 

112 

Do.          lime  burning  .. 

H 

80  w 

7  2 

7  2 

80 

Do.     average  quality 

80 

84  . 

80 

8'8 

8  0 

88 

Washed  eokeT  l*t  quality 

280 

30-4  . 

280 

30-4  . 

280 

30*4 

Do.         2nd  do. 

22*4 

240  . 

224 

240  « 

„  224 

24*0 

Coke  for  blast  furnaces 

un 

20*0 

200 

200 

204 

Small  house  coke,  good  quality 

16*0 

18  4 

KM 

184 

160 

is  1 

Small  coke  cinder* 

80 

124 

8*0 

12  4 

8*0 

12*0 

J.  It  M 


T1IK  VELOCITY  OF  1>R01M(.AT10X  OF  EXPLOSIONS, 

SomeelUi  rtchtrvkes  tur  la  Froptit/afwn  des  phenom^ne*  txptu*%/§  dams  let  Gal; 
Par  MM.  MfcK'i  UK  Lot  1:1  Vim  LIB.    Cvmpfet-rrndut,  XC1'..  pp.  151-157. 

This  paper  coutaini  an  account  of  farther  experiment*  («ee  Vol  XXXI..  p.  8  Aba.) 
made  uit  h  various  purou*  mixtures,  tired  in  a  caoutchouc  tube  13132  fe*'l  \ AO  tn.) 
lon-r  mid  0107  inch  (0  005  m.)  in  diameter.  The  result*  are  Nhmvti  in  tivr  Ub 
including  altogether  nearly  fifty  different  iuiituri<«,  from  which  the  following  have 
been  selected 

C  -  the  density  of  the  products  of  combustion,  air  hem*?  taken  a*  unity. 

a  =  the  number  of  the  molecular  volume*  of  the  element*  that  take  jtart  In  tbe 

(   wi»        H  * 
reaction  o*»umed  to  he  pu-<-»ii*,  viz..  a  J  22  32  *  ^  *  (1  ♦  a  I)  j  , 

Q  ■*  nuiU  of  hi  at  produced  by  the  reaction. 
T  —  the  theoretical  temperature  -  ^ 


0  -  the  theoretical  velocity  of  projiagatioii  of  the  explosion  in  metre*  per  second 


V  -  the  velocity  got  by  experiment. 


Hm  +  0  ... 
CH,+04  „. 

(Marsh  gua  +  air) 


0^22 

0  951 
0<C>K 


1-5 

H 

8-3 


French 
59,000 

totjoo 


English. 

231,130 

787,808 


193.500  7fi7,806 


1^3,500 


12  0  ltti,oOO 


7r>7,808 
707.808 


Fr. 
243 

440 

440 

!  IO 

HO 


Kng. 
4»l 

«81 

881 

881 

881 


Cent 
5.780 


F*h 

10,43(5 


4,378 
3.347 
2,371 


7.U12 
0.057 
4.30c» 


J.  11.  M. 


THE  MOUNT  VI80  TUNNEL. 

Lt  Pertuis  tin  etude  h**torique  d*apre*  de*  document*  ine'dit*  du  Qui$tzieme 

Sifi'tr,  conxerres  aux  Archives  Xafiottaten  de  Turin,  par  Lout*  J'aecarone. 
Communique  par  M.  ItKV,  Memoir?.*  de  ta  Soc.  des  In$.  Cic.,  1882,  pp.  108-171. 

Tradition  haa  attributed  the  piercing  of  Mount  Viao  to  different  people  j  to  Hannibal, 
the  Romans,  and  the  Saracens;  hat  the  researches  of  M.  Vacearone  amongst  the 
archives  of  Turin  prove  that  it  was  made  by  Louis  II..  Margins  de  Salnees,  in  14*30, 

The  tunnel  connects  the  valley  of  the  Po  w  ith  that  of  Queyras  in  DauphinG,  and  in 
Clt560  feet  alxtvc  the  level  of  the  sen.  Tlie  dimension*  were  80  yard*  l"ug  by  10  feet 
broad  and  8  feet  high,  attd  the  cost  12,000  lloiiiis.  In  1588  the  Duke  of  Savoy,  dairies 
Kin  man  u  el,  bl>cktid  the  tunnel  op,  hut  it  wa*  re-opened  by  Uonapurtc  hi  1803. 

J.  H .  M. 


THE  T  K  A  N  &  M ISS 1  ON  OK  POWER  BY  JfiLKCTKICITY  AT  THE 
BLANZY  MINES. 

Transport  de  Force  par  VcUctriciM*  Experiences  faites  aux  Mines  de  Biamn  pour 
determiner  le  rendement pratique.  Par  M.  GftAlLLOT.  Bulletin  de  la  Soctete  de 
r Industrie  Migrate;  S-r  2,  Tome  XL  1882,  pp.  m  £W.  Plate*  IV. -VI  and 
three  Tablet. 

These  experiments  were  made  with  an  electric  gin  intended  to  draw  eual  tip  a  lunik 
at  the  Saint  Chamoud  pit.  The  gin  was  set  up  under  a  set  oi  shear  legs,  earning  a 
pulley,  over  «hich  a  ehuin  was  passed.  One  end  of  the  chain  was  rolled  round  the  gin 
drum,  the  other  was  attached  to  weights  varying  from  13  to  30  ewts,  which  weight* 
were  drawn  up  to  the  pulley  by  the  gin.  The  useful  work  dune  varied  from  073  to 
4  30  horse- power* 

M.  Graillot  found  that — 

1.  — The  length  of  tlie  conductors  bail  no  sensible  effect  upon  the  useful  work 

done  within  the  limits  of  his  e  x  peri  men  ts,  via,,  700  yards. 

2,  — The  useful  effect  reached  a  maximum  of  51  j  per  cent,  when  the  machines 

(Gramme)  were  working  to  their  full  power. 


The  useful  effect  was  obtained  by  comparing  tlie  work  in  weight  rained  with  the 
power  transmitted  to  the  generating  mrliine.  The  losa  therefore  includes  that  dac  to 
the  friction  of  the  gearing,  etc,,  of  the  gin  ;  to  the  friction  of  the  friction  cone*  con- 
necting the  (.f rami ue  machine  with  the  gin  ;  to  the  friction  of  the  pulley  on  the  shear 
leg*;  and  to  that  of  the  chain  passing  over  the  pulley  and  round  the  drum. — J.  H.  M, 


ELECTRIC  GIN,  PERONNlriitE  COLLIERY. 
Application  de  VeUctridtS  comtne  trnntmittion  de  force  aux  Mine»  de  la  Pieonnier*. 
ParMM,  ChAK01'j*?KT  et  BaoUK,  Bulletin  <t«  la  SocHU  d«  V  Industrie  Miner  ate; 

Mr  2,  Tome  XI.    1882,  pp.  5-88.    Plate*  I.  IIL 

In  this  \tn\*iT  the  authors  give  a  detailed  account,  with  numerous  drawing*,  of  the 
apparatus  already  shortly  described  by  one  of  them  in  the  Comptc* -rendu*  of  the  Soc, 
de  T Industrie  Minerale.  fur  abstract  of  which  see  Vol  XX XL,  p.  10,  Ab«. 

The  author*  give  the  following  estimate  of  the  cost  of  an  installation  to  draw  14 
tons  of  enal  fnmi  a  depth  of  22  fathom*  in  151  seconds  (lT600  kilogrammes  from  a 
depth  of  40  m.)— 

Steam  engine,  20  horse ^K>w  er 
Bedplate  fur  the  above 
\  PI  in  liber  blocks  ... 
2  Plumber  bottom* 
5  Lubricators 
Shaft  for  friction  pulley » 
Shaft  to  drive  tlrumuie 
5  Pulleys 
Driving  belt 
Contact  gear 
Pins,  bolts,  etc. 

Gramme  machine  of  S  horse-power  (generator) 
Troehometer 

Galvanometer  *.»   

Tulal  at  bank  ,., 

Gin  complete 

Gram  me  machine  (motor)      '  ... 

Grand  total 


To  this  must  be  lidded  the  coat  of  the  cables-  lid.  per  yard  (P25  tr.  per  m.)  in 
dry  place*.  2s.  2  33d.  per  yard  (3  fr.  per  m.)  In  Wet,  Also  the  cost  of  erection,  both  at 
bank  and  below  ground. 

In  conclusion  the  author*  consider  thul  electricity  may  be  adiautagcotish  used  for 
transmitting  power  in  mine*  principally  under  the  following  ct  rcu  instances - 

1.  — When  the  mine  is  not  very  fiery, 

2.  — When  the  dUtaucc  is  great. 

;t.    W'b'-ri  tin:  ru])r)^i\s  :ur         -nm.  u-.  find  especially  if  the  power  lias  to  be 
carried  along  a  feriea  of  drifts  and  Itaplcs  jnin'mg  nu-li  cither  at  right  angles. 
The  experiments  puide  included  distances  up  to  3,280  yards  (3  kilometre*),  and 
proved  that  the  uteful  effect  vnricd  very  little  with  the  di»tance. 

M.  Marcel  Des|>ery  show*  that  it  h  |jtwsihle  U>  transmit  10  hurw.- power  32  miles  (60 
kilometre*)  almig  nn  ordinary  telegraph  wire,  the  electromotor  liaving  a  power  of 
about  1«  horws.  J.  II.  M 


RESISTANCE  OF  TUBS  TO  TRACTION. 

CatcuU  suf  fa  rhi stance  dr*  wagons  de  mine  au  routement.  Par  M.  TrtrBAUT. 
Bulletin,  Soc.  Inff.  Sorti*  de  I'Ecolc.  provinciate  d'induslrie  ft  det  Miner  du 
Hainmtt;   Scrie  2,  Tome  XIIL,  pp.  71-82. 

M.  Thibault  considers  that  the  resist  a  uces  Are  of  three  kind*. 

1# — The  resistance  duo  to  the  tub  itself,  vix.,  the  friction  of  the  axles  on  the 
cods  and  the  wheels  on  the  rail.    This  U  proportional  to  the  uiais  of 
the  tub  nud  independent  of  its  s|H?ed, 
J.    The  rt'-Utmifi-  resulting  from  imperfection*  in  the  road*    This  is  propor- 
tional to  the  mass  of  the  tub  and  the  square  of  the  speed- 
3.—  The  resistance  offered  by  the  pressure  of  the  air  lippo  the  front  of  the  tub. 
This  is  proportional  to  the  velocity  squared. 
If  then  r  =  total  resistance. 

x  —  resistance  due  to  1. 
<i       i-fiistaiiee  due  to 
p  —  resistance  due  to  3. 
*n  =  mass  of  the  tub. 
v  «=  velocity* 
k,  k't  k"  =  constant*, 
r  -  jf  +  a  +  y  =  *  m  +  kf  m  e1  +  *"  fr\ 
In  order  to  determine  the  relative  values  of  .r,  */.  a>  is  is  neerssnry  to  establish  \i 
system  of  three  equations,  which  will  be  given  hy  three  experiments,  made  under 
different  conditions  of  moss  and  velocity.    This  M.  Thibault  does,  and  finds  that  :— 
V*  R'  —  R 

x  "*       y»   yrt 

P  (R  —  R')  +  x  (P  —  P) 

Where  R  and  R'  =  gross  resistances. 

P  and  P  =  corresponding  masses. 
V  and  V  =        do.  velocities 

Practical  Expekimknt. 
A  tub  weighing  24  J  kil.  when  empty,  and  holding  450  kil.  {537  lbst  and  990  lbs, 
respectively),  gave,  at  a  mean  speed  of  3  ^7  m.  per  sec.  (10  73  feet), 
*r  =    6  836"  kil. 
a  =    3  576  ,. 
y  =    0  498 

B  =  10*910  „    (24  lbs.) 

*  J.  H.  M, 


EXPLOSIVES. 

The  Scientijic  American,  Qctobtr  7MP  18&2*—Bine  Fire  ax  an  Expto*iret  p.  224. 

Professor  Jackson  was  led  by  an  explosion  of  tire- works  at  Chester,  Penii-  to  make 
*onie  experiments  on  blue  tire,  lie  lielieve*  it  will  he  f<  mi  id  valuable  as  au  explosive 
for  blasting  purposes,  heiug  safer  and  more  powerful  than  dynamite.  There  are  two 
kinds  made.    One  is  composed  of  chlorate  of  potash,  three  parts  by  weight ;  sulphur, 


one  part  :  and  anmiouio. sulphate  of  copjicr,  one  part.  Another  ami  ftnfcr  kind  i*  made 
without  sulphur,  via.*  ammomVsutphate  of  eopper,  eight  part*;  chlorate  of  ]  Hit  ash. 
six  parte ;  and  ahellac.  one  part. 

liy  mcaus  of  a  perenssinn  cap,  or  the  concussion  of  exploding  gunpowder,  it  «• 
plodes  readily,  wot  or  dry,  but  Ciiti  bo  dropped  or  struck  with  o  hammer  without 
danger* 

New  Exploit  rrt  p.  233. 

Koepjiel,  the  inventor,  claims  for  this  explosive  that  it  is  cheaper  than  any  other, 
Sivch  no  injurious  sun  ike  or  cases,  and  does  not  explode  from  c  mention  or  friction. 
It  is  manufactured  in  two  kinds,  of  which  the  following  is  the  compoftitmn :  — 


Bs-mlt,  et& 

ftooditatiG,  Bt 

No.  t 

Nq.  |j 

Saltpetre   

 35 

42 

SotU   

 19 

22 

lb- lined  sulphur   

 11 

12*50 

Sawdust 

  0*50  ... 

19 

Chlorate  of  potash 

»»60 

Charcoal 

  6 

7 

Sulphate  i>f  s*ida 

,   Me 

5 

Prussiatc  of  soda 

  2*26 

Kenned  stiear  ,.   

  2-25  ... 

Picrin  acid 

  1-25 

1  50 

10000      ...      lOtHX)  (100*00) 
J  H.  M. 


T1IK  MA  US  ACT  SAFETY- LAMP. 

Experience*  *ur  ?e*  Lampe*  tfe  Svreti.  Par  M>  F.  ClULttrrorv  ftirertnr  tie  fa 
C*<  Houitttrr  de  Br**c#r*.  Bulletin  tie  la  SoritU  de  find**.  Jtfiiwrw/<y  Sir.  2* 
Tome  XL,  ^   pp.  531-537,  Plate  XVI L 

This  article  is  a  reprint  of  a  letter  fr.nn  M,  Chulmeton  describing  tin?  Marsaut 
lam]>,  and  asking  permission  of  the  Prefet  to  use  it  ul  the  luw^'*  Mine*, 

The  lamp  i*  baaed  upon  the  Muewder,  but  ha*  a  double  ga«*e  and  a  metal  can* 
round  the  gauze.    (See  Plate.) 

He  claims  for  it  the  follow  iue  advantages  : 

1.  — It  will  not  go  <mt  either  when  inrlincd  or  w  hi  n  subjected  to  an  ascending 

current, 

2.  —  It  will  not  puss  the  explosion  out  side  the  lump  when  -subjected  to  a  rapid 

current  from  whatever  direction  it  may  come. 
:i,    It  will  not  pa*s  the  explosion  outside  the  lamp  when  |  (hired  lit  an  rsphwhe 
mixture  id  air  and  coal  gas. 

4.  — The  |au/.e  is  protected  from  wear  and  dust  bt  n  metal  ensr. 

5,  — The  metal  case  beinc  moveable,  the  cniwe  can  be  ei  ami  mil  without  opeui 

the  lamp. 

He  civet  the  folio  wine  i  abb-  of  the  rctnlu  of  hi*  experiment*:  - 
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Safety- L  \ m  r  K x per r m  exts. 
Ordinary  Flame. 


Lamp. 


f 

No.  1. 
Chimney  without,, 
diaphragm,  with 
metallic  cuirass. 


t         No.  2. 
I  Large     chimney, , 
with  metallic 
I  oiiirass. 


I 


No.  3. 
diaphragm  , 
inclined  with 
out  cuirass. 


The 


No.  4.  ; 
Double  gauze,  with  i 
metallic  cuirass. 


No.  5. 
Ordinary  Mue- 
seler;  sundry 
lamps  of  the 
Belgian  Gorern- 
ment  pattern. 


June  15 
,.  16 
..  17 
„  19 
.,  20 
21 

.,  22 
..  23 
June  15 
..  16 
„  17 
„  19 
20 
21 

.,  22 
..  23 

June  16 
..  20 
.,  21 
..  22 
..  23 

June  15 
..  16 
.,  17 
..  19 
„  20 
„  21 
,.  22 
..  23 

June  15 
..  16 
17 

i ,  19 
..  20 
..  21 
22 


No.  of 
Trials. 


200 
187 

73 
100 
100 
152 
100 

82 
200 
186 
108 
100 
105 
151 
102 

48 
200 
179 
200 
320 
101 
200 
181 
112 
105 
200 
130 


200 
191 
243 
103 
54 
101 
108 


No.  1. 
Chimuef  without 
i]i:Ljf?irat'Hi,  m  Lrli 
riK't-iiliv  cnJr;i^»i. 


with 


Ifa  3. 
The  diaphragm 
inclined  without 
cuirass. 


No.  4. 
Double  gauze,  with  • 
metallic  cuirar- 


No.  5. 
Ordinary  Mue- 
seler :  sundry 
lamps  of  the 
Belgian  Oorern- 
ment  pattern. 


June  23  I 
pp    34  i 
26' 
M  27 

June  23 

„  a* 

„  25 
27  i 

Z  28 
June  23  ; 

..  21 

..  26  i 
27 

..  28j 
29 
30 

July  3 
June  23 
..  24 
,.  26 
.,  27 
..  28 


30 

i  Ju7y  3 
June  23 
..  24 
..  26 
I  27 
28 


July 


Explo- 
sions. 


the  FT  m 
through  the 
Diaphragm, 


5 

13 
1 


Totals. 


4 

45 

3 

3 

41 

2 

25 

3 

3 

20 

1 

1,000 

ii 


1,000 


1.000 


1,000 


1.000 


Passage  of 

Explo- 1  Propor-  the  Flame 
sious.  I  tion.  !  through  the 
|  |  Diaphragm. 

j 

Cent. 


Propor-; 
tion.  ; 


Per 
Cent. 


8  08 


0-2 


12    !  1*2 


Medium  Flame. 


101 

52 
UK) 

49 

23 
101 

50 
100 

98 

!if 

106 

50 
150 
200 
184 
100 

67 
133 
104 

61 
150 
200 
185 
100 

89 
101 
102 

52 
•  150 
210 

m 

abt.200 


Id 
s 

4 

V2 
1 
10 

fl 
7 


H 


12-4 


8* 


12 
11 
19 
8 
10 
22 
27 
30 

about  120 


1,000 


1,000  I 


1,000 


05 


0*4 


139 
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Rapport  de  la  Commission  dts  DSpdts  de  Dynamite.    Par  M.  MUBtirE.  ButUti* 
de  la  Socitit  de  V Industrie  Mineral* ;  Sir.  2,  Tome  XT.,  1882,  pp.  5il-$72, 

In  January,  1882,  the  South*  Eastern  District  of  Franc*  decided  to  petition  Govern- 
ment to  relas  the  restrict  ions  on  the  storage  of  dynamite,  A  commission  wa«  appointed 
to  study  the  question,  and  this  is  their  first  report. 

The  matter  is  classed  under  four  heads  r — 

1.  — Statistics  of  accident** 

2.  —  Foreign  legislation. 

3.  — I* ndergroi 1 1 id  m  aga/ i !i es. 

4.  —  Revision  of  the  tax. 

1.— Statistic*  of  AtcinExm 
The  commission  *how  by  table*  the  nnmlier  of  persons  injured  by  powder  ami  by 
dynamite  during  the  eleven  years  1871  -Si ,  and  conclude  that  whilst  the  chance  of  an 
explosion  tn  a  dynamite  store  is  mir  half  of  tliat  in  a  gunpowder  «toru  the  damage  dour 
is  twice  as  great. 

2—  Foreigx  Legislation. 

A  short  abstract  of  the  law  in  Belgium*  Austria,  and  England  is  giveu.  preceded  by 
an  abstract  of  their  own  legislation  on  this  subject. 

a.— IT  xi>  e  r  g  no  r  x  o  Stob  e». 

These  Arc  of  two  kinds,  those  in  the  mine  ilself  ami  those  in  special  excavations 
removed  fi-om  any  workings.  The  first  arc  jtermitted  by  the  French,  Belgian,  and 
Austrian  law,  hut  not  by  the  English,  Toe  advantage*  are:  —  Saving  of  labour,  avoid- 
ance of  surface  liabilities,  protection  from  frost,  protection  from  lightning,  and  protce* 
tion  from  malicious  damage. 

On  the  other  hand,  should  the  mine  be  tiery,  great  danger  might  accrue,  and  the 
Commission  recommend  lhat  dynamite  should  no  lunger  he  stored  in  fiery  mine*.  With 
reference  to  the  second*  the  C* munition  think  that  no  danger  can  accrue  if  they  be 
situated  deep  enough,  and  they  discuss  the  ordinary  fonnnU  for  the  calculation  of  the 
depth,  from  which  they  find  that  1,200  kilos,  might  lie  stored  at  a  depth  of  21*6  tn.; 
they  consider  this  however  too  shallow,  and  recommend  an  addition  of  60  pvr  cent, 
to  the  formula. 

4,— REnsrox  of  the  Tax. 

Prance  is  the  only  country  in  which  dynamite  is  taxed.  The  amount  (2  fr.  per 
kilog.)  is  about  half  the  price.  The  commission  recommend  that  this  should  be 
reduced  50  per  cent,  J   II  M. 

THE  EFFECTIVE  A  It  E  A  OK  AIR  CTKKEXTX 

Cber  Wetterdeprt3*ion*mrf*nNitrti  ttnd  Bttttwrnunp  de§  fjfrctim  Wtiirrqm^rMchmtis. 
fit/  It.  II  was  v..  Jftkrkueh  filr  dot  Rrrtjund  tfittrntrwt+n  tm  K6n<gr*ickt 
Sachsen  uufda*  J«hr  \HV>,  pp.  4*?-<H, 

The  degree  of  efficiency  of  tin-  ventilation  *if  a  mine  may  be  expressed,  according 
l.»  M.  Murguc.  by  a  comparable  figure  of  relation  termed  by  him  *  orifice  c^ui  Talent,"  m 


the  equivalent  opening  or  area  in  a  thin  partition  which  permit*  of  a  quantity  (  V)  of 
air  to  How  tvhich  has  a  depression  or  water -gauge  (A),  calculated  by  the  general  role 
■Hitting  the  efflux  of  air: — 

V 

a  =  ■ 

*  *J  2ghK 

b 

Substituting  the  values  for  J,  fa  S>  and  k,  the  formula  becomes 

V 

a  =  0012     — - 
n/  A 

This  calculation  has  the  objection  that  it  in  not  the  passage  of  air  from  a  vcasel 
into  the  open  that  has  to  he  dealt  with,  hut  the  passage  of  air  through  long  tube*,  and 
from  that  p>int  of  view  it  is  difficult  to  say  whether  the  above  formula  would  bold 
good. 

From  the  following  it  will  be  Meeu  that  a  relation  can  he  fVmml  thai  uill  suit  both 
ease??,  and  which  closely  resembles  the  above  fonnula: — 

Let  H  =  the  depression  Viet  ween  a  space  devoid  of  air  and  one  open  to  the  atmos- 
phere which  -  10*308  tn.  water-gauge  (33  82  feet). 
V  =  velocity  of  air  equivalent  to  the  water-gauge  H  =  3U3  m.  feet). 
A  =  the  depression  existing  In-twecn  hvn  spaces  of  which  one  is  filled  with 

atmospheric  air,  and  111*  other  with  atr  of  a  less  density. 
p„  —  the  theoretical  velocity  of  the  air  equivalent  to  the  depression  A. 
And  the  following  ]>ro|>ortioii  is  established: 

Jo  %/  k 

v  "  Sn 

Therefore  <■„  -  V  ^  - 
sf  U 

By  this  formula  the  movement  of  uir  through  mines  could  be  calculated  if  friction 
and  other  obstacles  did  not  exist. 
Further  let — 

r  —  the  effective  velocity  at  the  termination  of  an  air  current  having  a  water-gauge  A; 
F  =  the  area  of  the  gallery  at  the  place  of  the  measurement  of  I ; 

Kffoclive  quantity  of  air. 
Theoretical  quantity  of  air. 
F  *  fi 

F  • 

r 

P» 

V  V 

 —  -  0*008  — =: 

122  V  h  sf  h 

Further  let  Ki  «  the  effective  ventilating  area,  that  is  the  area  of  a  gallery 
through  which  the  cITcclive  air  i-uniitUy  (F  •  r)  (lows  with  the  theoretical  velocity 


Then  *)  = 
7  ■ 

V  - 

I  - 


V\  -  0*008  -  — —  ■  K  -  0-006  — — 
y/  A  k 

If  the  depression  h  U  not  measured  at  the  place  w  here  the  velocity  i*  measured, 
but  in  the  ventilator  building,  then 

A  =  0Ai 
and  Fi  -  0008  Q 

in  which  i±  —  air  quantity  t^r  second  ; 

h\  --  lli*'  watcr-£aug*'  measured  lit  any  place  iu  the  ventilator  building; 


0  =  the  coefficient  (found  by  cxjicrimunts)  expressed  by  the  ratio 


of  the  water  pan gc  A,  which  exists  at  the  place  when*  the  velocity  r 
ii  measured  and  the  water-gauge  Ai  in  the  ventilator  building 
Tlii*  formula  fur  the  calculat'tnii  of  tlu>  effective  atva  rxprcvic*  most  mdtablj  the 
relation  existing  between  the  volume  and  the  depression  of  uir  current*,  atid  can  be 
used  tci  compare  the  decree  "f  efficiency  between  two  or  more  ml ues  with  rwpect  to 
their  ventilation. 

The  place  of  observation  of  tin  unfi  t  lmh^v  should  either  be  nt  the  point  when?  the 
velocity  is  measured,  in  which  case  0  -  1  +  h\  =  A ;  ur  in  (he  ventilator  huildiiu? 
when  the  water-gauge  h\  should  be  reduced  by  multiplying  it  with  the  coefficient  0^ 
which  ah  on  Id  in  every  ease  lx1  found  by  t-x  pe  run  cut. 

If  the  water-gauge  is  measured  in  the  side  wall  of  a  Unibnl  fan,  then,  for  the  pur* 
]>o*c  of  rinding  the  average  depression  of  the  air  in  ii  gallery  iu  the  mine  where  the 
velocity  in  measured,  the  water-gauge  should  be  placed  at  that  distance  from  the  cir- 
cumference df  the  fan  in  a  straight  tine  towards  the  centre,  expressed  by  the  following 
rule  founded  on  experiment : — 

9  -  0*011  ■  r  *  nt  where 
r  =  the  radius  of  the  fan, 
n  *■  the  revolution*  |icr  minute. 

The  il<  jn  mlliHi  tMXi  alio  lie  calculated  by  observing  the  readings  of  the  ban 
and  thermometer  in  the  utiur  and  on  the  surface  at  the  *aic  time,  and  taking 
acoouni  t lie  depth  between  the  twn  t»om!*  *if  oWrva&tu. 

The  revolution,  nf  u  ventilator  are  in  direct  proportion  to  the  velocity  im*a»ured  iu 
one  and  the  same  point  iu  the  ari.ii  of  u  gallery,  and  in  direct  proportion  to  the  *pmr* 
root  of  the  depression. 

(iuibal  expresses  the  eftViciir*  nf  the  \eiitilatiou  of  a  mine  by  wliat  he  calls  the 
mechanical  temperament,  which  U  the  quotient  of  the  measured  volume  of  air  (Q) 
suurired,  divided  by  the  depression  (A), 

Experiments  made  at  four  Saion  mines  give  relations  of  comparison,  according  to 
the  three  method *  nf  calculation,  as  follows:— 
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THE  VENTILATION  OF  PRUSSIAN  COLLIERIES. 

Die  ffiei*kokl*nb£rtftverkt  Prfunxrnx  nack  oVr  rernekiedtwn  AH  ikrerWetterf%k.rung. 
A.  HaesLACHEK.  Zeitsckvift  fiir  dan  Berg-  Hnltea-  %nd  Salt  men*  We4tm  m 
Preu**i*che*  Staate.     roi  XXX.,  pp.  181-192. 

The  Prussian  lire-damp  Commission  have  issued  ten  table*  embracing  all  the  coal 
mines  that  were  at  work  in  Prussia  nu  the  1st  July,  1881,  of  which  the  following  ui 
synopsis :- — 

Table  1  deals  with  the  follow  big  information  of  each  coal-  field  and  Government 
district,  the  total  being  only  here  Riven.  In  1880,  42,273.113  tons  of  ci*l  were  raised 
in  the  whole  state  of  Prussia.  employing  on  an  average  155,fi97  men  at  377  minea,  of 
which  mines  174  had  proved  the  existence  of  tire-damp  during  the  hut  throe  vearw.  122 
had  experienced  explosions,  ami  203  heen  entirely  free  from  fire-damp.  Of  the*e  mine* 
43  were  shallow*  and  ivcre  worked  by  adits,  25  were  deeper  hi  id  had  adit*  and  shafts 
and  309  were  dee] >  and  had  only  « haft s,  Natural  ventilation  w«t  uaed  at  129  mines, 
29  had  both  natural  and  artificial  ventilation,  while  219  were  altogether  artificially 
ventilated. 

Table  2  shows  the  division  of  employed  above  and  below  ground  for  the  rear  I860* 
the  total  being  15&697  persons,  of  which  12i, 79*1  were  employed  below  ground,  tir  TO  1 
per  eejit.,  ami  30.907  above  ground^  °r         per  cent. 

As  to  the  occurrence  of  tire-damp  in  Prussia,  the  line  cannot  lie  drawn  w»  *cvcrdy 
between  mines  with  fire-damp  and  thoMC  with  none,  which  is  done  in  Belgium,  hut  the 
fioverument  authorities  have  prescribed  orders  to  deal  with  those  mine/*  in  which  fire- 
d:inj)«  H  i  i-i-  illy  occurs.  Tin*  ueces-ary  stipulations  to  allow  a  mine  In  count  a*  free 
from  tire- (him p  is  not  laid  down  in  the  law,  hut  U  left  solely  U>  the  decision  of  the 
Government  mining  evperl*  ,md  inspectors, 

Table  3  deals  with  the  production  of  mines  with  and  without  lire-damp.  Out  of 
the  42,273*1 33  tons  raised,  27*631,404  were  raised  from  174  mines  w  ith  tire  damp,  «r 
15SrK0l  tons  per  mine  by  103. 410  jjersons,  or  594  |>er  mine ;  w  hile  14,tii1,700  ton*  were 
raised  from  203  mines  free  from  tire  dump,  or  72,127  tons  per  mine  by  62.27*  perwotu, 
or  258  |>er  mine. 

Tnhlr  4  -*hitww  thai  05  \»r  cent,  of  the  production  comes  from  mines  with  ft  re -damp, 
employing  fit?  per  cent,  of  the  total  i  nun  her  of  jkmhous  employed. 

In  Table  5  the  ninnW  of  ton-:  raised  in  adit  mines  nnd  shaft*  t*  shown.  Tliere  were 
43  adit  mines,  which  raised  417.034  tons,  or  ]U,3**fi  jnar  mine,  employing  2,908  men  or 
68  per  mine.  Collieries  worked  by  adits  and  shafts  numbered  2o,  raiding  1 ,012,540 
ton*,  or  40,502  \vr  mine,  employing  5,115  men.  or  2o5  per  colliery.  (Vdlicrie*  with 
shaft-*  only  numbered  309,  raising  40,813.53ft  ton*,  or  132.UH3  jier  mine  with  147.674 
persons,  <»r  47^  p<%r  colliery. 

Single  shaft  collieries  only  e\i>t  where  preiit  dillicnliies  occtir  in  sinking,  such 
occurrence  of  watery  stnita  over  the  ccvil  formation.    They  all  occur  in  WeatphaT 
where,  in  the  f#nwcr  Ithine  district,  shafts  have  to  In*  sunk  through  a  great  thicks 
of  magncsiau  limestone  containing  much  water.    Ku  this  district  40  mines,  raising 
3}  million  tons  per  milium  and  employing  13,933  persons,  have  single  shafts. 

The  deepest  mines  in  each  distrirt  are  given  in  Table  h\  where  the  Maria  mina,  in 
the  Aixda-Chaitelle  district,  stands  first  in  the  li«t,  having  a  depth  of  676  metres 
fathoms). 

Tahle  7  shows  that  129  mines  arc  exclusively  ventilated  by  natural  means,  ralsi 
3,900,383  tons  or  30.23*1  |»er  mine,  by  15,  Uo  perwm*  or  1  U>  ]*er  mine.    Twenty,  nine 
mines  have  natural  ventilation,  hut  are  sometime*  a»*Utcd  by  arliurial  mraus,  and  raW 


IT! 


3,916,730  tons  or  135,060  torn*  [tor  mine,  by  13,179  uenumtf  or  151  per  mint*.  Per- 
manently artificially  ventilated  mines  number  219,  raUintf  34,456,000  tons  or  157,333 
ton  a  per  mine,  by  127,103  persons  or  580  per  mine. 

Table  8  h  very  elaborate,  showing  the  system  of  ventilation  adopted,  classed  into 
three  gTeat  gronp«,  viz.: — (1.)  Mine. 4  sometimes  ventilated  with  artificial  means,  (2*) 
Mines  ventilated  by  artificial  means  only.  (3  )  The  total  of  one  and  two.  Each  group 
is  subdivided,  giviup  the  number  of  mines  with  hnilers  in  the  shafts  steam  pipe*  in 
npea*t<.  eompi-es-ed  nil- at  the  face,  ventilating  chimneys,  furnaces,  ventilators,  and 
furnaces  and  ventilation  together.  The  number  of  ventilating  apj>aratuses  are  aji 
follows: — Boilers  1,  it  cum  pipes  11.  compressors  23,  ventilating  chimneys  101*,  fumaccs 
underground  121+  furnaces  above  ground  4S,  nieehituical  veiitihitnrH  136,  total  152, 
These  figures  are  embodied  in  Table  9. 

Compressed  air  is  used  to  a  great  extent,  both  temporarily  and  permanently,  in 
ventilating  I  lory  mines,  es]>ecially  in  advance  headings  and  winning  places. 

Knnmees  are  used  nt  a  depth  of  33U  metres  (175  fathoms).  On  the  1st  of  July, 
1881,  103  T'rinuuan  urine*— uf  which  1*0  contained  gas  had  I3fj  mechanical  ventilators, 
of  which  a  fourth  served  ns  a  reserve.  All  uf  tln'iu  are  evhaiKtiug  [michincs,  rind,  as  a 
rule,  stund  singly,  oei-asionally  (Saarhrueken)  two  are  found  together,  so  urraugod,  thnt 
one  works  behind  the  other. 

As  to  their  construction,  Table  10  gives  particulars,  in  which  it  states  that  78  are 
Guibals,  lft  Hitting*  r  or  Hehielc  fans,  2  Sell  war/  lfnpf,  3  Zimmerman,  17  Fabry,  3 
Kaselowsky,  3  Winter,  11  Pel/er,  and  3  Hurting  ventilating  machines. 

The  IVl/ei  screw  ventilator  is  rlmling  increased  n»c  in  Westphalia. 

C.  &  B. 


MIMW  FATAL  ACCIDENTS  IN  PRUSSIA.  1881, 

I'erungltickunyen  mit  tbrfthchrm  Au*ffaH$*  beim  Bertjwerkahetriehe  in  Preusten  iw 
Jahret  1881,  ZvUtchrift  fur  da*  lierg-  Stiffen  vnd  Salt'nen-Wesen  im  Freu** 
*i*chen  Staate,  Vol,  XXX.,  pp.  86-108. 


Number  of            Number  of  ^^ni"^  Pettone 

PenwDK  eiu  ployed.      Fatal  Accidents.  Fmtjlov^tl  Employed  pel 

1    r  Fata)  Accident. 

Coalmining*                   162,951       ...       507  3'ili  ...  321 

Lignite  „                         19,950                 49  2*455  ...  407 

Ore       ||                        69t984       ,M       107       ...  T529  „.  654 

Other  mineral  mining         7.885       ..,        17       ...  2*156  ...  164 

Total                  260,779               080       ...  2*606  ...  383 


Number  of 


Ton*  Raised  per  Valne  of 

Fatal  Accident  the  same 

£ 

Coal  mining    86,567  21,493 

Lignite  212,493  31,907 

Ore       „    43,085  31.927 


Total 


78,841 


23,882 


N\>\  t'  \T  \I  AiTIDRM  S.  t\U>INO  1  NC.WABT  MT  Y  TO  WofiK  FfHtONK  M<»NTtl  A>D  OYKH. 


Pawtn*  Incapability,  La«ttn»t  T  *  ,  Per  1000 

1-6  Mouth*  Incapability.  loc*L  ttBplojad. 

Coal  nulling                   1,798  157  L9o5  11-997 

Lignite  „                           Ill  U  125  ...  6*263 

Ore                                  428  12  ...         440  ...  6'287 

Other  mineral  mining          25  3  28  3  651 


Total  2,362  INI  2.548  9771 


Total  for  1880        ...       2.217  211  2A2H  9701 

V.  /„  M. 


CHEMICAL  ANALYSIS  Of-1  THB  RETURN  Alii  Of  COLLIERIES  IN 

SAXOXY. 

2>i>  chem'ixehe  TJttterxuchuntf  dcr  bet  verschiedenen  iStcinkohlengntbtn  Sachten$ 
auszithenden  Wttterstrome  ttttd  ihre  Ergtbni&se.  By  1*uof.  Dr.  Cl<  Wixklbb. 
J  a  hr  buck  fur  das  Berg-  itnd  Hiiffenwesen  im  Kvmgreiche  Sachsen  auf  da* 
Jahr  1S92,  pp.  65^84. 

In  1876  Dr.  A.  Schondorff  of  Sonrhriicken  made  some  analyses  of  the  air  in  the 
Saarbriieken  mines,  and  wan  the  rirst  that  introduced  the  term  "chemical  temperament*' 
of  a  mine,  meaning  by  it  the  average  deterioration  of  the  ventilating  current  per  1,000 
running  metres  of  airway  by  losing  oxygen  and  taking  up  carbonic  acid  and  fire-damp. 

The  analyses  in  the  Saxon  mines  were  restricted  to  the  returns  aud  w  ere  not  so 
elaborate  as  those  of  Dr.  Beihoodftrf,  being  intended  for  practical  men. 

Samples  of  the  air  to  be  analysed  were  obtained  by  hanging,  in  a  vertical  position 
underground,  tin  cylinders  with  conical  cuds,  made  air-tight,  fitted  at  both  ends  with 
pipes,  from  which  India-rubber  tubing  with  pinch  cocks  could  be  led.  The  vessel  was 
filled  with  water  before  leaving  the  surface,  and  its  calcify  was  equal  to  2'2  gallons. 
It  was  then  hung  in  position  and  the  tube  attached  to  the  top  of  the  vessel,  fastened  to 
two  absorption  tube-*,  of  wliieh  the  tir.-t  win  tilled  with  glass-wool  to  absorb  the  dust, 
and  the  other  with  chloride- of  calcium  to  absorb  the  moisture.  These  tubes  gave  the 
amonnt  of  dust  and  moisture  in  the  mr  absorbed,  which  was  done  b>  opening  both 
pinch  cocks,  the  water  flowing  through  the  bottom  tube  sucking  the  air  through  the  top 
one.  After  this  hail  been  dime,  Hie  appurutu*  \uh  hermetically  sealed  and  sent  off  for 
further  analysis*  The  amonnt  of  dust  wu*  found  repeatedly  to  be  almost  nit.  The 
amount  of  oxygen  was  obtained  by  absorption  ;  that  of  nitrogen  by  the  difference  after 
obtaining  ipiaul  ities  of  I  lie  rest  of  the  constituents.  The  amount  of  carbonic  acid  was 
determined  by  sulphate  of  baryta.  The  usual  plan  of  determining  the  quantity  of 
tire-damp  in  the  sample  eould  not  well  be  applied,  the  quantity  of  tire-damp  bring  so 
small,  so  that  the  plan  adopted  was  that  of  freeing  fir*t  the  sample  entirely  of  carbonic 
acid,  then  burning  the  gas  and  obtaining  carbonic  acid  by  means  of  glowing  oxide  of 
copper  and  treating  the  products  of  combustion  with  sulphate  of  baryta.  The  experi- 
un  lit  h  wen.1  m:cl''  at  nine  clUei  n'-.  ami  it  was  observed  tliat  1  tir  nun  in  it  of  carbonic  acid 
varied  much,  the  source  of  which  being  the  ventilating  current,  the  burning  of  lights, 
the  breathing  of  the  men.  the  gn«j  exhalation  of  the  coal,  and  the  gas  flowing  from 
cavities.  The  amount  varied  from  OlUl  \vr  cent,  by  volume  to  2  7l(!  on  working  days, 
and  from  0'llGS  i**r  cent,  to  21JG2  per  cent,  by  volume  on  Sundays*  The  amount  of 
fire-damp  in  the  return  air  varied  from  0'01754  percent,  ton  i:>b76  per  cent,  by  volume. 

d 


on  week  days,  mid  from  002165  per  cent,  to  01 2U0  per  cent,  by  volume  on  Sundays. 
Tbe  oxygen  varied  from  17751  to  19  689  per  cent*  by  volume,  and  the  nitrogvu  from 
756174  lo  78565  percent,  by  volume;  tbe  moisture  from  2  5254  per  cent,  to  41904 
percent.  C.  Z.  B. 


MINERAL  PRODUCTION  OP  PRUSSIA  DURING  THE  YEAR  1881. 
Production  drr  Berffwerke,  Saline*  vnd  Rutten  im  Pr*v*tttchen  Staote  im  Jahr* 
1881.    Zcittchrift  fur  da»  Btrg-  Hat  fen*  und  Safinen-V't^en  im  jWum,fh*H 
Staatt,  Vol.  XXX..  pp.  I-S'k 

Production  op  Coal. 


Ooreiumefit  District*. 

No.  of 

.Mi'. 

Timim^  Ruined. 

Value. 
£ 

Price  pc? 
Tun  of 

Attrw  No 
of  Pcnona 
Emplojwl 

Ilr.  --hi i 

115 

13,110.848 

2,913379 

453 

46.023 

Halle  

3 

29.657 

1 3,668 

9-51 

252 

Dortwuud 

194 

23.fi44.75S 

5.HS.1H5 

4-68 

83,221 

Bonn  

31 

6.608.623 

2,313.152 

7-n 

29,745 

Clausthal   

13 

38o\662 

135,844 

703 

2.938 

Total  

380 

43.7S0.545 

10,848,698 

499 

Of  this  total  production,  2,920,192  t-.ns,  representing  ft  value  nf  £tl72,738,  were  uaed 
in  colliery  fomtumpUon.  equal  to  6  G7  per  cent,  in  tonnage  and  6  20  per  cout.  in  value. 

Of  the  162,179  persons  employed.  128,103  were  employed  underground  and  33,776 
above  ground;  and  of  Mil-  Litn-r,  ~  MS  wore  feinnle*.  who,  with  tbe  exception  of  2 1  em- 
ployed  in  the  Aix-laX'bapcllc  coal -field,  of  the  District  Bono,  (MM  employed  In  Silesia, 
DUtrict  Brenlau.  In  addition  to  the  386  mine*  at  work  during  tbe  year,  10  were 
nearly  ready  for  winning,  two  wore  stopped  owing  to  alteration*,  and  two  produced  coal 
only  as  a  by-product*  The  average  production  per  man  \k>t  annum  was  270  ton*  or 
£n'H,  and  tbe  average  production  jur  mine  |kt  annum  wiw  113J21  ton-  or  £28,105. 

PaoDtcTioy  of  Lioxite,  1881. 


Cor  cm  meat  DUtrict* 

of 

Ton  o  NT*  RaImxJ 

VmXum. 
t 

YVnd. 

Brcslau 

46 

462,983 

79.985 

3*38 

1.310  , 

Halle  . 

327 

9t576,146 

1.41*1.200 

2  94 

17,000 

Bonn  . . 

46 

223,04* 

34.8K0 

380 

016 

I'lauHthal 

27 

149.980 

32r3»4 

438 

733 

Total  

446 

10,412,153 

1,563,419 

299 

19.959 

In  addition  to  4Ui  mine*  at  work,  eight  were  in  course  of  winning,  and  two  were 
laid  in.  Of  I  be  1SJ  l*rjt>  por*oi.«  employed,  10,525  were  employed  below  ground,  and 
tbe  re*t,  9.4.1  L  above  ground,  of  which  273  wt-re  female- ,  20(;  nf  which  Were  employed 
in  tbe  Government  district  of  Halle,  and  the  rent,  with  the  exception  of  two,  in 
Bre*lnu 

Of  the  total  production,  907.749  tons,  representing  a  value  nf  £142,771,  were  n**4 
in  colliery  consumption,  equal  to  8  71  per  cent,  in  tonnage  and  9  13  per  cent  in  value. 
Tbe  average  pr< Auction  per  man  per  annum  was  521  ton*  or  £ 78,  and  tbe  a 
production  ]«t  mine  per  annum  ww  23,315  ton*  nr  £3,505. 
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Total  Fuel  Production  of  Prussia,  1881. 

Tons  raised    64,192,698 

Value  £12,412,147 

Persons  employed    182,138 

Mines  at  work      832 

Tons  raised  per  man  per  annum    297 

Value  of  same    £68 

Tons  raised  per  mine  per  annum    65,135 

Value  of  same    £14,918 

Production  of  other  Minerals. 

Bitumen —  Tons. 

Asphalt    15,905 

Petroleum   2,871 


18.776 


Mineral  salts  ...  (including  207,858  tons  of  rock  salt)  755.910 
Ores— 

Iron    3,906.284 

Zinc    659,211 

Lead   148.790 

Copper    515,359 

Silver  and  gold    122 

Manganese    11,085 

Iron  pyrites   124,925 

Other  ores    17.626 


Total  ores   5,383,402 


Extraction  op  Salts  from  Aqueous  Solutions. 

Common  salt  (chloride  of  sodium)    247,006  tons. 

Other  salts   126,486  ,? 

Total    373,492  „ 

Production  of  Metals  in  1881. 

Charcoal  iron      31,613  tons. 

Coal  and  coke  iron    2,133,014  „ 

Charcoal  and  coal  iron   8.280  „ 

Zinc    105,345  „ 

Lead  (block)    81,^56  „ 

Do.  (commercial  litharge)    3,203  „ 

Copper    15,707  „ 

Silver    142* 

Gold    4152  cwts. 

Nickel    82  tons. 

Sulphur    2,571  „ 

Manufactured  Iron. 

Foundry  iron    380,018  tons. 

Puddled  iron  and  steel    1,159,103  „ 

Cast  iron   864,501  „ 

C.  Z.  B. 
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Total  Vuel  Production  op  Prussia,  18S1. 


Tons  raised    54,192,698 

Value   £12,412,147 

Persons  employed    182,138 

Mines  at  work          ...    832 

Tons  raised  ]>er  man  per  annum    297 

Value  of  same    £68 

Tons  raised  per  mine  per  annum     ...                           ...  65,135 

Value  of  same    £14.918 

Production  of  other  Minerals.  ' 

Bitumen —  Ton*. 

Asphalt    15,905 

Petroleum   2,871 

18,776 

Mineral  salts  . . .  (including  207,858  tons  of  rock  salt  755,910 
Ores — 

Iron   3,906,284 

Zinc   659,211 

Lead    148.790 

Copper    515,359 

Silver  and  gold    122 

Manganese   11.085 

Iron  pyrites    124,925 

Other  ores   17,626 


Total  ores    5,383,402 


Extraction  of  Salts  from  Aqueous  Solutions. 

Common  salt  (chloride  of  sodium)   247,006  tons. 

Other  salts    126.486  „ 


Total   373,492  „ 

Production  of  Metals  in  1881. 

Charcoal  iron   31,613  tons. 

Coal  and  coke  iron    2.133,014  „ 

Charcoal  and  coal  iron    8,280  „ 

Zinc    105,345  „ 

Lead  (block)   81,656  „ 

Do.  (commercial  litharge)   8,203  „ 

Copper    15,707  „ 

Silver   142*  „ 

Gold   4-152  cwts. 

Nickel   82  tons. 

Sulphur    2.671  „ 

Manufactured  Iron. 

Foundry  iron  ...    380,018  tons. 

Puddled  iron  and  steel    1,159,103  „ 

Cast  iron    864,501  „ 

C.  Z.  B. 
e 


THE  PREVENTION  OF  EXPLOSIONS  OF  FIRE-DAMP. 

Rapport  de  M.  H  vton  DR  la  Gofpillikrb,  a  la  Commission  d*H*de*  des  moyens 

pro prf x  a  prt't  rntr  h*  explosions  de  GHtou.  Sac.  Intf.  *orti*  de  VEcoU  SpfaiaU 
d'Muatrieet  dr*  Mine*  du  ffainaut,  ISSO:  8$rU  2,  Tome  XL  annexe,  pp.  5-111. 

At  tlip  meeting  of  the  French  Fire-damp  Commission,  bold  on  the  24th  January, 
1878,  it  was  decided  to  apjioiut  a  Sub-commission  to  draw  up  a  preliminary  report 
showing-  succinctly  the  present  state  of  knowledge  with  reference  to  fire-damp,  and 
which  should  serve  as  a  jioint  of  dejiarture  for  the  investigations  of  the  Commission. 

Tli in  rejxirt  occupies  over  one  hundred  closely  print ed  pages,  and  contains  a  moat 
comprehensive  resume  of  all  that  ia  known  on  the  subject.  The  rcf<  t vt  r. ■%,  n<  ml\ 
three  hundred  in  number,  form  a  feature  of  great  value.  J.  H.  M, 


AN  OUTBURST  OF  CARBONIC  ACID  OAS, 
Note  sur  V  accident  du  puits  Fan  fanes  ties  Iluuilleres  de  Boehehelle  (OardJ.  Par 
M.  de  CA8TKLKAP.    Annahs  den  Ifljffj  Sir.  7.  Mvmoires,  Tome  XVIII,,  1880, 
pp.  174-192.    One  folding  Plate*  No.  VL 

The  Rin-hi'hi'lle  collieries  (datil,  south  of  France)  are  very  much  troubled  with 
carbonic  acid  pus.  which  comes  off  from  the  working-  face  with  a  crackling  noise  Like 
that  product  by  the  issue  of  lire-damp. 

At  the  Fontanes  pit,  No.  11  seam,  a  very  violent  outburst  occurred  on  the  28th  July, 
1870.  All  the  men  in  the  seam  at  the  time,  three  in  number ,  were  killed,  and  two  other* 
in  the  shaft,  had  a  narrow  escape. 

The  volume  of  gns  was  sufficient  to  foul  176,583  cubic  feet  (5,000  cubic  metres)  of 
nir  in  a  few  minute*,  and  issued  with  such  force  that  74|  tons  (76  tonnes)  of  coal  were 
blown  down.    It  took  four-and-a-half  days  to  clear  the  pit  of  the  gas.         J.  EI.  M. 


ELECTRICITY, 

Transmission  of  Power  by  mean*  of  an  ordinary  tr  lea  rap  A 

Transmission  du  trarail  t)  grande  dtttance,  sa r  tine  ligne  t4l4graph\qu*  ordinaire. 
Note  de  MM.  DEniR/,.    Compter  Sendus,  Tome  XCV.,  pp.  633-63- L 

The  telegraph  line  between  Munich  and  Mieabach  was  used  for  these  experiment*. 
The  distance  is  H-".^  miles  (">7  kilometres).  The  wire  galvanized  iron,  0*177  inchea 
diameter  (1'5  mi  Hi  met  res),  aod  the  return  wire  the  same.  The  total  distance,  therefore, 
wan  71  tulles  (111  kilometres),  and  the  resistance  9o<0  ohms.  The  two  Gramme 
machines,  situated  the  one  at  Munich  theothrrui  Mir-hieli,  were  identical,  and  had  each 
a  re*  i  star  ice  of  170  ohms.    The  total  resistance  of  the  circuit,  therefore,  was  LBQOohm*. 

Power  eipial  to  half  a  horse*powcr  (38  kilogramme*  per  second  J  was  obtained  at 
Mie^baeh  with  a  velocity  of  1,500  revolutions  per  minute*  the  generating  machine  at 
Munich  making  2,200  revolutions,  equal  to  60  per  cent,  J,  II.  M. 


THE  CENTRAL  COAL-FIELD  OF  BELGIUM. — CHEMICAL  COMPOSITION 

OF  THE  COAL* 

Etude  sur  le  Batsin  Houillrr  du  rent  re  (Brltpqur)  par  M.  P.  Dm  A  a.  Sot,  Inf. 
sorti*  de  VEeole  Spieiate  d'Industrte  et  4t*  Mines,  Bainaut,  1880;  /Hr.  2,  IW 

XL,  pp.  1M-229.    Four  folding  Platn.  XJX.-XXII. 

M.  I>ubar  has  made  analyse*  of  the  coal  from  (hi*  b**in  fur  the  p«rp«me  of  noting 
the  effect  of  depth  upon  it*  composition.  The  analyses,  some  300  in  number,  which  art 
given,  show  that  the  seams  follow  the  general  rule,  Lm\  the  proportion  of  Axed  carbon 
increase*  with  the  depth.    There  are,  however,  exceptions.  J.  I i  M 


THE  MURE  COAL-FIELD. 

Notice  fltr  les  Mine*  d*  Anthracite  de  la  Mure.  Par  M.  Febrakd.  Annates  des 
Mines,  S6r.  7.  Memoires,  Tome  XVIJL,  1880,  pp.  121-147.  One  folding  Plate, 
2?o.  V. 

Tho  author  £ives  a  description,  topographical  and  geological,  of  tin  Mure  emil- field. 
He  also  describes  in  detail  tho  systems  of  working  adopted  under  various  conditions  of 
thickness  and  inclination  of  the  seams,  concluding  with  the  number  of  men  employed, 
their  wages,  and  the  price  obtained  for  tho  anthracite. 

This  coal-field  is  situated  in  the  department  of  the  Isere,  near  to  Grenoble,  and  is 
about  50  square  miles  (128  square  kilometres)  in  urea.  It  contains  five  scams,  varying 
in  thickness  from  15  inches  to  40  feet  (0*4 — 12  m.)  The  two  highest,  however  (one  of 
which  is  the  40  feet),  nre  only  found  in  a  small  portion  of  tin-  Ijumil. 

The  hand*  employed  mimUr  327,  the  hewers'  wages  vary  from  2s.  5d.  to  3b.  3d, 
(3  to  4  fr.)  per  day,  and  the  price  at  the  pit's  mouth  is  7s.  3d*  (D'10  fr.)  per  ton. 

J,  H.  M« 


LIGNITE  MINES  OF  THE  NORTH  OF  BOHEMIA. 

Les  Lianites  dans  le  Nord  de  la  Boheme.    Par  M.  Cuiitl-K^  Lam.kmano.  Annalr* 
des  Mines,  tier.  7-  Mt' moires,  TameXIX.<  188L/^.  350  103.  Six  folding  Plates, 

zr.-rx 

The  basin  is  bounded  on  the  north  and  sooth  by  the  Erzgebirgc  and  the  Mittclge- 
birge  respectively,  on  the  went  by  tlit>  l'iehtelgebirge,  and  extends  to  the  east  an  far  a« 
Bohmisch-Lcipa,  The  length  from  east  to  west  is  150  kilometres,  the  breadth  about 
8  kilometres,  and  the  area  more  than  1,000  square  kilometres  (386  square  miles). 

The  three  principal  basins  are : — 

L — Elbogen,  comprising  the  two  sub-basins  of  Eger  and  Falkenau. 

2.  — Saatz-Teplitz,  comprising  the  two  sub-basins  of  Saatz  and  Bilin. 

3.  — Leitmeritz,  on  the  right  bank  of  the  Elbe. 

The  format  ion  may  be  divided  into  three  stages : — 

The  Lower  of  middle  eocene  age,  contains  a  seam  from    to  13  feet  in  thickness. 

The  Middle  of  upper  eocene  age,  contains  some  thin  seamn  ■  -1'  ._•  1  'pmHty. 

The  Upper  of  lower  miocene  age,  contains  a  seam  k»  feet  thick  on  an  average, 
ami  sometimes  double  that  thickness. 

The  lignite  is  used  for  domestic  purj)oses,  baking  bread,  lime  burning,  brick  making, 
in  the  boilers  of  stationary  engines,  in  the  sugar  manufactures,  and  even  in  the  manu- 
facture of  Bessemer  steel.  About  half  the  production  is  consumed  in  Austria;  the 
remainder  is  exported,  principally  to  Germany. 

The  mineral  appears  to  have  been  worked  since  1556,  but  no  winding  engines  were 
used  until  1856,  There  are  now  more  than  one  hundred  winding  engines  and  sixty 
pumping  engines. 

In  1858  the  gross  drawings  were  only  225,000  tons.  The  production  now  is  about 
6,000,000  tons. 

Several  tables  are  given  by  M.  Lallemand,  of  which  the  following  appears  the  most 
interesting: — 
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STATISTICS.— COAL,  I  HON,  &c. 

Itcruc  Aconomique  et  Sfafistique.   Par  M.  I\u  L  Tu  \senstkr.   Reene  (TnirerseUc  ties 
Minet,  Sen  2,  Tome  XL,  1882,  pp.  189-218,  633-541,  733-739. 

These  pajters  contain  a  very  large  quantity  of  statistical  information,  from  which 
the  following  has  been  selected  : — 


(A,) — Tub  Iron  and  Steel  Trade. 

(1.) — Production  of  Cast  Iron.    (Unity  =  1,000  metric  tons ;  one  metric  ton  m 

2,204  tt*.) 


1870. 

1878. 

1B71K 

1880. 

mi. 

Great  Britain 

6,059  I 

6, 483  ... 

6,092 

. . ,  7,872 

...  8,280 

1' nihil  States 

1,900  p4 

.  2,337 

2,785 

...  3,895 

...  4,500 

Germany 

1,390 

.    2,147  ... 

2,226 

2,729 

...  2,900 

France 

1,178 

.    1,521  ... 

1,400 

...  1,725 

...  1,894 

Belgium  . . , 

566  M 

619  ... 

453 

608 

631 

A  ustro- Hungary  ... 

403  .. 

434  ... 

404 

...  445 

Russia   

360 

417  ... 

434 

434? 

Sweden   

300  pi 

340  ... 

344 

...  405 

*  1 1,500 

Other  countries  ... 

150 

185  ... 

185 

200 

Totals 

12.305  . 

,  14.383  ... 

14,323 

...  18.313 

...  19,700 

Consumption* 

1870. 

1879. 

1880 

1881. 

Great  Britain 

.  5,375 

...  4,860 

6,070  ... 

6,480 

United  States 

1,830 

...  3,485 

4,180  ... 

5,340 

Germany*.. 

1,510 

2,200 

2730  ... 

3,000 

France  ... 

904 

1,540 

1,880  ... 

2.160 

Belgium  ... 

637 

627 

805  ... 

R05 

Aust  ro-  H  u  n  gar j 

563 

tno 

492  ... 

Russia 

385 

618 

677  ... 

1 1,600  (?) 

Sweden    . . . 

285 

321 

360  ... 

Totals 

.  11,489 

...  14,111 

17,194  ... 

19,385 

(2.)— Production  of  Wrought  Iron.    (Unity  = 

1,000  metric  to  Mr.) 

1870- 

1871 

1879. 

1830. 

England(?) 

...  2,600 

...  2.50O 

1.700 

2,000 

United  States 

LI  70 

...  um 

1,856 

2,115 

Germany  ... 

900 

...  1,310 

1,215 

1,358 

F  ranee 

...  670 

940 

875 

985 

litlunmn  ,,, 

„.  m 

480 

410 

488 

Austro-Hungary  (?)  232 

260 

175 

200 

Russia 

200 

...  290 

290 

290  (?) 

Sweden 

214 

213 

236 

252 

Totals 

...  6.530 

...  7,660 

6.757 

7,698 

(?) 


82 


Consumption, 

1878. 

1879. 

IBM. 

i«i. 

England  ... 

;  4,035 

...  8,310 

...  4,160 

...  4,310 

United  States 

.  2,520 

...  3.920 

...  5,180 

..  5.540 

Franco 

.  1,595 

...  1470 

...  1,850 

...  2,180 

Germany  ... 

1,840 

...  1.750 

...  2,015 

...  2,055 

Belgium  ... 

470 

...  3-10 

...  485 

460 

A  ii  Htm- Hungary 

488 

410 

...  457 

ltusaia 

1)17 

860 

800 

|  1,350 

Sweden 

180 

...  175 

...  186 

Totals 

,  12,066 

...  12,205 

*  15,130 

...  10,895 

(3.)— Production  of  St  eel 

IfitfOtjt. 

{Unity  - 

1,000  metric  to 

1878. 

isra. 

Ml 

England  ... 

350  ... 

1,0SJ6 

1,124 

...  Ml* 

1,700 

United  State* 

64  ... 

735 

1M4 

1,258 

1,570 

Germany  ... 

170  ... 

570 

...  582 

...     762  ... 

950 

France  ... 

,     80  ... 

336 

...  365 

...     426  ... 

4150 

Belgium  ■  ■-  *» 

9  ... 

115 

...  110 

...     120  ... 

138 

Atiitro- Hungary  . 

,     24  ... 

152 

...  166 

...     160  ... 

Sweden   

.     12  ... 

£4 

28 

30  ... 

I  400  (?) 

RnHHia 

8  ... 

95 

,„  210 

210{P).. 

Totals 

.  717 

3423 

3,530 

...  4,383  ... 

5,220 

(BO- 

The  Coal  Trai>s. 

(1,)— Production  of  Combustible  Miner  ah. 

(ratty 

=  1,000 

000  metric  to**,) 

IM1 

1870 

1873 

1878. 

1879. 

MM 

Great  Britain  H5'4 

..  112'2  p 

1200 

131-8  . 

..  135*8 

...  1103  mi 

United  States...  152 

.  307 

51'3  .. 

52*9 

.  «38 

...    7tT3  . 

,  «0*0,?) 

Germany           12*3  . 

n  MM 

..    461  ... 

00*6  j 

.  53-5 

...    89*  « 

.  615 

France         ...  8*3 

n  %m 

..    17-5  ... 

16-9  . 

171 

...    19-4  H 

.  194 

Belgium       ...    06  ; 

..    13  7 

..    168  ... 

149 

151 

164  , 

,  164 

A  u»tn>- Hungary  3  5 

83  . 

..    114  ... 

134 

.  14-9 

...  16*0 

ltMHf) 

Totals     ...  13  i  3  . 

212  0  . 

..  271-6  ... 

2834  . 

.,  3005 

.   3311  . 

.  3514 

Other  countries  1*7 

ti 

...    119  , 

The  World  136  0  . 

21)3-0  , 

,  MM 

Contvmption* 

1870 

\m 

1878. 

1875. 

tm 

Great  Britain 

1005 

„  116*5 

•  ■     HD'O  , 

..  1194  . 

.  130-1 

136-7 

United  .States 

304  , 

61*1  . 

,,  627 

..    637  . 

..    70*1  . 

..  8O0(?) 

Germany  

324  . 

..    45*6  . 

.    49  3  . 

h    522  . 

..    56-8  , 

..  587 

France   

188 

..  247 

246 

25*3  , 

.  28*5 

288 

Belgium  *, 

100 

.  11*2 

10*9 

M        HI  . 

12"1 

12*2 

Austro-Hunpiry 

m    12*0  . 

.  12'6 

..  13*9 

14*6 

H    14*6  (?) 

Totals 

2010  . 

..  26lt)  . 

„  269  0  . 

H  285  2  , 

„  312  2 

..  331*4 

The-  con  mini  ptWi  in  ton*  per  inhabitant  in  188<3  was  -  England  3*71,  Belgium  \ 
United  Stttiva  140.  Germany  121,  France  074.  and  Au»tm- Hungary  0'39, 


as 


(2.) — Variation.*  in  Price  (Francs)  per  Ton. 


Great  Britain  ) 
(<\portn'ion)  ) 

1870 

1205  ... 

1B73. 

26-10  ,M 

1878. 

11*80  ... 

1879. 

1100  ... 

1380. 

11-20  , 

1881. 

11*25 

Germany 

7"CO  ... 

13-86  ... 

6-55  ... 

frlO  ... 

6*55  ; 

6-47 

France  

1160  o 

16-61  ... 

IMi  ... 

12^93  ... 

Belgium 

10*86  ... 

21-40  ... 

092  ... 

9'30  ... 

10  06  , 

(3.) — Number  of  Men  employed, 

and  Toh4  per  Man  prr 

A  ttnum. 

Number  of  Meu  Employed, 

Todb  per  Man  pci 

A  i  m  urn. 

1870. 

1SSQ. 

1870. 

1874. 

1880. 

Great  Britain.,, 

350,«94 

538,828 

...  484,933 

320 

...  337 

122,483 

..  180,590 

...  175,892 

240 

225 

...  295 

France 

82,673 

>.  106,289 

...  102,472 

158 

..  159 

166 

Belgium 

91,993 

..  109.631 

...  102,930 

149 

..  134 

...  1G4 

Totalis. 

684,043 

..  055,338 

...  866,227 

YuWvA  Slate*  . 

...  168,155 

...  376 

,1    II.  M . 


THE  ADVANCE  IN  MINING  AND  METALLURGICAL  ART,  SCIENCE, 
AND  INDUSTRY  SINCE  1875, 

By  William  P.  Suiyy.  Trai%*actionx  of  the  American  Institute  of  Mining  Engineers; 
Vol.  IX.,  1881,  pp.  293-299. 
Tli  is  is  the  annual  add  re*  a  of  the  President  of  the  Institute. 

Coal, 

During  the  five  years,  1875  to  1880,  ini]>ortant  discoveries  have  been  made  in  Utah, 
Colorado,  Indian  Territory,  and  New  Mexico.  The  two  last  States  afford  good  coking 
coal. 

Comparison  of  the  production  of  anthracite  coal : — 

Grow  Tom. 

In  1871-1875    104.655,254 

In  1876-1880    111,482,727 

Increase   6,827,473  or  6-51  per  cent. 

Total  production  of  coal  in  the  United  States  in  gToss  tons:  — 

Anthracite.                    Uituralnoim.  Tot*L 

1870                        13,985,960                15,231,668       ,..  29,217,628 

1875                         20,654,509       .„       26,031,726       ...  46,686,235 

1879                        27,711,250       ...       33,665,709       ...  61,376,959 

Pig  Iron. 

Groan  Tom. 

1871-1875    11,233,421 

1876-1880    12,813314 

Increase   1,580,390  or  14*07  per  cent. 

Iron  Ore. 

GroBi  Toua. 

1871-1875    4,779,114 

1876-1880    6,453,092 

Increase   _J  .K73.978  or  31  per  cent. 


Wrought  Ibqn. 

The  average  consumption  of  fuel  per  ton  of  iron  puddled  has  been  3,000  to  3,200  lbs. 
The  Swindell  regenerative  furnace  puddle*  a  ton  of  iron  with  1,250  ltw.  of  slack  coal. 
Experiments  are  being  made  on  a  revolving  pnddlcr  which  promises  even  better  result*. 

Besskmrb  Steel. 

There  lirvn  been  an  extraordinary  increase  in  the  production  of  Heswemer  steel:-  - 

Net  Ton*. 

1871-1875   907,060 

1876-1880    3,950,954 


Increase 


8,043,834  or  333  per  cent. 


The  output  of  ingots  at  some  of  the  leading  steel  works  during  1880 . — 

Gram  Total. 

Edgar  Thompson    ...       ...       .,,  , 

Cambria      ...       ...  ... 

Jolie-t... 
Lackawanna... 
North  Chicago   

The  produetinn  of  steel  rails  in  five  years  was:— 

H«t1 

1871-1875    I0U4 

1876-1880    3,046,584 


123,303 
122,143 
110,750 
105,354 
100478 


Emhm 


2,849,442  or  386  per  cent. 


The  Kmpp  process  of  washing  out  phosphorus  is  in  successful  operation  at  Spring* 
field,  Illinois,  and  promises  well  in  connection  with  the  open  hearth  process. 

The  Thomas  and  Gilchrist  basic  process  is  a  commercial  success  abroad,  and  will 
soon,  doubtless,  be  introduced  into  this  country. 

Qold. 

1871-1875    ...  $197,662,244 

1876-1880    $196,600,608 


£40,839,306 
£40,638,554 


Decrease   $971-641   ...  220n.7tt 


$971-641 

...  1133,607,510 
„,  $206,210,818 


1871-1875   $133,607,510  ...  £27,604,857 

1876-1880    $20*210,848  £42,605.547 

Increase   $72,603-338  ...  £15,000,688 

The  increase  in  silver  is  due  to  the  great  carbonate  deposits  of  Colorado. 

Pet  hole  tic. 

BattcI*. 

1871-1875    41.1*11,367 

1876-1880    83,043,121 


Increase 


41080,754  or  nearly  100  per 


The  following  arc  some  of  the  most  important  improvement*  in  machinery  i 

1.  — The  Porter-Allen  In^U  ^-vcd  engine  for  rolling  mills. 

2.  — The  Leavitt  compound  engine  for  pumping  and  hoisting. 

3.  — The  Unlkley  condenser  for  blastfurnace  and  rolling-mill  engine*. 

i.  Hi.  Kloiui'it  eye-bur  uni  vi-r*al  mill  for  producing  wcldlc**  eye-bars  of  i 
steel.    The  only  proee**  *o  fur  used  adapted  to  eye-bar*  of  | 
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FRENCH  MINERAL  STATISTICS  FOR  1880, 
Statijtiqmc  de  Vlmtuttrie  Mineral*  de  la  France.    Production  det  combutiibt** 
mincraux  de*  fontes,  fwt  el  uciers,  en  1*79-80.    Annalt*  dei  J/inrj,  S4r.  7. 

Mtmoires,  Tome  XIX,  1881 1  pp.  175-185. 
This  puper  consists  of  MWtl  tallies  showing  the  production  of  coul,  lignite, 
iron,  mid  stud.    Two  of  thtw  am  here  given. 


I.     *  *-  'AT.    \SH  AvimtAOITV. 

Tom, 

im. 

Tom, 
1840. 

Tun*. 
1879. 

Tutu, 

Nonl  ct  Paa-dt-Oklai* 
Card   

15j  ii  i  n*i  liFlXt*  iL  But       1  VfT  -  ) 

Turn  »nd  Atvyron 

liuiirboDJioJ* 

Awcntne..  tl 
Htfrault  

QmWm  md  Orrtw  . , 
Vo^l-#  Meridional.*  |( 
AJl>ea  Occident  jiIi* 
1X3*  Maura 

ipSa  

7.449,080 

3,147,100 

1,320.235 
906,150 

352,205 
231,022 

181.227 

174,802 
164,143 
121,430 

M 

mm,po4 

y,063,iH7 
1.550,404 

967,300 
007.295 

227,536 
177  453 

171.2*5 
184,540 
120.150 

<  1*  H oulouafo  iHardlnghen) 

jCtitnmuhay  

-LuVifan 

I  Creiuot  »ml  HI  am;  *, 

t  K]iiiinc  and.  AikM)fuy-l&-fiunoe 

1  Tk-rt   

jK«3i*.  . 

1  C-omnwutry  (iuid  Dojet)  „ 

lSftillt  Kin*  

j  L WriiuuiJkX  (limKsro-l«-Oru«) 
{  La  Qutraae  (Fin*  and  Jfojranl)  .« 

l<  hklEJllI^Tll'  Will  Uollff  Lastlc  M 

f  Gruiafc-wac  

1         Lain  .. 

Vout Ail t  and  Than tminay 
•  1*  r.rl*ritin  ILittry.  Ac  /Wj) 

(  Atmo  

H'uMirf  jTcrrwaou),  M«jni«.  md  At 

I  Itmirtiinriif    H  .. 
Jl->uch*mn           L.      . .  t> 

1 J*r»c  j  U  Mure)  

1  Maurn-unc,  Turvntalae,  and  Briancoa 

<  *ie*na  UimI  1c  (ii»i*lvm*UaJ  M 

lb*nt*ilj4  I>*i*<i*  Mi 

7.386,289 

SB 
34,343 

3.2* 
i  77i.i 

"BE 

*S 
i»*.?j« 

121  4"y 

Ew 

26.1*9 

IB 
mm 

U9LB00 
U+(J07 
1,&M 

nMM 

127,451 
33.293 

229.3G3 

5,024 
231.022 

81,974 
83,942 
39FGfi3 
5,417 

Jm 

4.444 
3tOl8 
|«4J43 
MUfl 

mm 

1 

33,^40 
12.147 
X4A3 
tOB&ttt 
10.430 
X7W 

217,^1 
1  II  'j,7 4 

torn* 
m 

7.9*6 
0/A045 
;o;,^7i.i 

u 

1,452 
130,090 
1,445 

9 

227.5341 

81,579 
f-MJ 

9 

■ 

1*4.790 

n 

IM.M* 

Total  ,i 

10.570.901 

les.857,327 

ifi,5T^m 

If:— Iiinym, 

Lanffiicdoc  nud  Guiutut 

Vn*c»  McridJunalc*  . . 
Thrc*  ullicr  ipvupa 

471.225 

new 

12/J69 

wfm 

37,549 

18.270 
13.283 

■<  Manuaquci      , ,      . . 
liotftu.K  tirann,  banc  Boitf*.  t'otfwu 

431914 

(■ 
904 

■B 

KM 

11099 

if 

ToUk  M 

534.078 

551.785 

534.071 

mm 

Gratid  Total    , . 

17,110,979 

1U.413.112 

mUd9Tt 

19,41X111 

•  Tl«  coal  fl*lib  that  hATo  not  b«n  w«ra«d  during  iLl*  period  ftfe  tinted  Lb  ItaJloa 

J.  U.  M. 
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THE  MINING  INDUSTRIES  OF  ITALY. 

V  Industrie  Mint  rah  tn  Untie  drpui*  i860  juttqu'en  1880.  Noh'rtJ*  itatitNques 
offieitilt*  rrxumer*  rf  trtiduifes.  Par  J  LAN  llECO  et  LKON  TuoNAJtO.  Rt  rut 
UnirertelU  tie*  J/int*,  te>.  2,  T^ie  AY.,  1882:  160-173,  426-461,  «nr/  to  hr 
continued* 

The  Italian  MinUtcr  of  Agriculture,  Industry,  and  Commerce?  lias  published  a 
volume  of  400  pages,  containing-  documents,  follies,  digrams,  etc.,  relating  to  the 
above  8ul>ps:t. 

The  introduction,  drawn  up  by  M,  F.  Giordano,  Inspector  General  of  Mines,  contains 
a  summary  of  the  geology  of  the  country,  tlm  law  of  urines,  fff^Hwit,  and  taxen. 

Several  tables  are  given  in  very  minute  detail,  from  which  tables  a  portion  Luis  been 
abstracted  as  f^llou  s  :-  - 


The  Yearly  Production  of  MixeriAi.s. —  A  Mean  Avxuaok  deiuteo  fi»w 
the  Ye ahb  1875-79. 
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330 

In  addition  to  the  above,  soine  ffold,  nickel,  aud  cubalt  are  produced,  amounting  in 
value  to  £15,040.  J.  H.  M. 


PERFORATION  OF  THE  ALPS.  -  -THE  ST.  GOTH  A  111)  TUNNEL  WOItKH 

Kt  u  ttr  t  h  <  7Vti  r  <i  n  x  Ex*  ;<  a  t<>*  tt  w  Th  tine!  du  Sa  Ut-Gothard.  ( Not*  Comp  Umt  »t  ft  i  re  J 
Par  M.  RKVAtJX,  anriert  £&ve  extent?  de  I'Ecote  des  Mi ftr*t  Anmatc*  dr§  J/tfttv, 

Hir.  8.  Mtmairt*,  Tome  27,  1882,  pp.  85-100. 

In  Tome  XV.  of  the  seventh  section  of  the  Annate*  dew  AfW*  (187£#)  it  summary 
was  given  of  the  then  existing  state  of  tin.'  works  at  the  St-  Gothard  Tunnel,  and  tUi» 
notice  li  intended  to  complete  the  information  then  afforded. 

The  two  drifts—  from  Gneschencn  cm  the  north.  And  Airolo  on  the  south,  respec- 
tively 8,itf)  yards  (7*4*70  m.)  and  7>*12  yards  (74*17  70  in.)-  met  on  the  20th 
February*  18S0,  with  only  oue  foot  of  divergence  in  their  lateral  direction,  and  twy 
inches  in  their  level. 

The  work  at  each  end  was  commenced  in  the  ntituniu  of  1H72,  and  the  work  pro- 
gressed at  un  average  rate  of  111  yard*  (rioO  metres)  per  three  months,  the  limit  of 
time  granted  to  the  contractor* 

After  numerous  experimental  trials  the  engineers  decided  on  adopting  the  borer* 
of  Ferroux  and  McKean,  the  former  in  practice  only  requiring  34  machine*  to  AO  of 
the  latter,  with  1*3  jier  cent,  in  repairs  as  against  o  per  cent. 

A  description  «f  the  latter  horer.  with  unsli  Heat  ions  given,  and  it  is  illustrate*! 
on  Plate  L  These  improvements  resulted  in  a  reduction  to  '40  machines,  and  the  per- 
centage in  repairs  to  2 J. 

The  geological  feature*  are  then  described,  and  the  difficulties  encountered  in 
dealing  with  water,  the  latter,  however,  steadily  diminishing  as  the  drifts  advanced. 
The  temperature  was  also  found  to  remain  pretty  constant  at  30"  ft  at  the  face,  that 
at  the  entrances  heing  15°  C,  and  the  sides  showing  25 :  C. 

The  cost  of  the  tunnel  complete,  including  lining,  wo*  £172  (*.3(XJ  franc*)  jut 
metre,  u-  i-  i in  r  the  estimated  cost  of     I'J.h  <:!._<  hi  fnine*!, 

Descriptions  are  then  given  of  the  Froldieh  drill  (Plate  I.,  Fig*  (*),  and  the  Brandt 
drill  (Plate  1L.  Figs  and  the  paper  concludes  with  a  eoinparison  of  the  distances 
and  facilities  of  the  two  line*  of  Mont  Ceuis  and  St.  Gothard,  •*  both  of  which  an? 
c.^'iL!i;d  to  English  eonimen  e  and  traffic." 

Distance  from  Paris  to  Plataance  (the  first  essential  point  on  the  Brindisi  and 
eastern  route)  :  — 

ttuW  Kil>  ( 

ByMontCcnia   618       _  988 

„  St,  Gothard    5££        , . 

Distance  fmm  Boulogne  to  Plaisaiicu:— 

By  Mont  t'enia  777  1.243 

M  St.  Gothard    754  \.20fi 


The  interests  -f  France  an  concerned  in  the  former,  and  tho«e  of  Belgium  and 
Holland  are  affected  by  the  Utter.  D*  P.  M, 
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ON  THK  APPLICATION  OF  ARTIFICIAL  VENTILATION  IN  THE  MONT 

CKN1S  TUNNEL. 

Etude  sur  V Application  rf#  la  Vtntilatio*  Artificial*  h  V  Ac  rage  dn  Tunnel  rfii 
Mont  flfaft,  Par  M.  F.  I*K  Kossuth.  Annates  des  Mines.  8tr\  7,  Memoires, 
Tome  XX.,  1881*  pp.  285-322 

All  attempts  to  ventilate  the  tunnel  by  natural  ventilation  failed*  several  oiwj  of 
asphyxia  occurred,  and  a  Constant  source  of  danger  existed*  A  Coiumia&ion  was 
therefore  appointed,  and  U  still  at  work. 

The  immense  \  •hiim-  tir  t  ■  -li-j  >!  uv«l  U  very  in. .tin-able.  The  total  length  of 
the  tunnel  is  13,000  yard*  (12,8*9  metres)  ami  the  arm  400  square  feet  {42  metre*)* 
The  vchteiiy  <,f  the  current  to  be  effective  slmuld  not  l>e  less  than  ISA  feet  (2  metres) 
per  second;  consequently  130,000  cubic  feet  at  least  should  enter  the  tunnel  ]x*r 
minute,  this  being  barely  sufficient  to  keep  the  air  fresh. 

After  ]»oiuting  out  the  difficulties  presented  both  by  the  length  ami  sectional 
area  ^f  the  tunnel,  as  well  as  the  unfavourable  levels  and  the  climatic  and  geographical 
punilinu  of  the  two  ends,  the  author  proceeds  to  estimate  the  large  approximative  dis- 
charge of  noxious  gases  and  impure  air  to  be  expected  from  locomotives,  lights,  and 
respiration,  and  then  intfcta  on  the  total  insufficiency  of  the  existing  air  pumps  us 
ventilators. 

Aa  ft  summary  of  his  calculations  he  gives  the  following  as  the  products  of  cum- 
bustion  of  the  present  number  of  trains  (thirteen  each  way  and  three  pilot  engines) 
iter  twenty-four  hours:  — 

M.  Cut**. 

Carbonic  aeid  gas  ...       ...        ..       ...        ...       ...  1H,518 

Carbonic  oxide     ,       »M  9,521 

Nitrogen  111,312 

Steam    205,002 

To  dilute  this  enormous  vitiation  of  tin;  air  he  reiterate*  the  necessity  of  no  less 
a  vol  nine  than  150.000  cubic  feet  per  minute,  and  in  case  of  a  cessation  of  the 
ventilating  current,  he  estimates  a  day  and  a  balf  as  the  time  when  the  air  would 
become  unlit  for  respiration. 

The  present  appliances  are  described  at  some  length,  his  conclusion  being  : — M  The 
means  adopted  for  partially  remedying  the  insufficiency  of  the  ventilation  of  tbe 
great  tunnel  of  the  Alps  in  no  way  suffices  to  create  an  artificial  ventilation*  while  it 
considerably  disturbs  the  natural  ventilation*" 

He  then  propose*  to  close  one  end  of  the  tunnel  with  movable  doors,  applying  a 
shaft  (or  dumb  drift)  within  them,  and  to  place  on  this  a  centrifugal  or  exhausting 
fan,  in  support  of  which  he  gives  instances  of  Onibal  ventilators  amply  powerful  and 
effective,  and  lie  estimates  the  actual  horse-pnver  required  as  221.  1).  P.  M. 

PROFITS  OF  FRENCH  COLLIERIES  IN  18«0. 
Benefices  drs  Houi It* res  Franceses  en  lHctfX 

The  French  mineral  statistics  ( L<i  Sttiti&tique  de  rind.  JfiaJ,  as  published  by  the 
Minister  of  Public  Works,  give  the  following  results : — 

In  1880  there  were  336  collieries  at  work,  209  of  which  gave  a  profit  of  42,953*239 
francs  for  a  production  of  17.521<771  tons,  or  254  francs  per  ton. 

127  worked  to  a  loss  of  5,168,648  francs  for  a  production  of  1,862.980  tuns,  or  2*86 
per  ton. 

It  must  be  borne  in  mind  that  the  expenses  do  not  include  interest  on  capital  or 
taxes,  which  will  considerably  reduce  (he  profits. 

The  drawings,  profits,  tosses,  etc.,  are  succinctly  shown  in  the  following  table : — 
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In  a  former  paper  the  author  has  shown  tliat  the  33  companies,  who  have  leased 
the  41  royalties  of  the  Nord  and  the  Pos-de-Calais,  have  sunk  a  capital  of  3W>  millions 

of  francs. 

ThU  capital  is  equivalent  to  an  outlay  of  40  francs  (32s.)  per  ton  drawn  j>er 
annum.  The  profits  to  1KK0  having  been  lol  franco  }*r  t  in  drawn  per  annum  show* 
no  intercut  of  3  S  per  cent,  mi  the  capital  actually  sunk.  In  all  probability  the  remain- 
ing French  collieries  have  expended  I  similar  amount  of  capital  per  ton  produced  ;  and 
on  thin  assumption,  the  actual  produce  of  Franco  being  20  millions  of  UxMj  the  capital 
snnk  in  coal  mines  will  be  800  millions  of  francs. 

These  33C  collieries  gave  a  profit  in  1880  of  about  38  millions  of  francs,  which 
shows  an  interest  of  4  7  per  cent  on  the  capital  sunk. 

It  will  bo  seen  from  the  above  that  the  French  mining  industry  by  no  means 
renlNc*  Ihe  extraordinary  |'MHs  generally  so jiposed.  partly  because  no  thought  is  given 
to  the  large  amount  of  capital  which  must  be  sunk,  viz,,  P>  francs  for  a  ton  of  coal 
sold  at  12  83  francs,  and  also  because  .several  mining  c» ujipauies  are  .juoted  which  have 
had  exceptional  success,  while  no  consideration  is  given  to  the  large  number  of  others 
which  have  collapsed  entirely,  or  have  been  compelled  for  many  years  to  remain 
inactive.  *L  H,  M, 


CLIMATIC  CONDITIONS  OF  THE  ZWICKAU  COLLIERIES,  SAXONY. 

(  nit  rxHrhnuijfti  uh*-r  d  <r  Kfimad'xcken  Verhaltninxe  in  den  Steinfcohlenwerken  den 
ZwU  kauf'i*  /fH'iVr.t,  %  Dm  Hesse  nnd  Hkuhn  MUNZBL-  Jakrhwh  fur  das 
Jiirq-  and  Jliittcmreseti  im  Kitnigreivh?  Sathsen  auf  das  Jahr  1882,  pp.  85-93, 
with  a  text  Map, 

Tlie  authors  divide  their  work  into  two  parts,  of  which  the  first  treats  of  the  district 
condition*  in  general,  from  which  U  gathered  that  the  Zwickau  cnaldiold  occupies  an 
area  of  3,089  acres.  The  st  ains  outcrop  to  the  south,  and  dip  10  deg.  towards  the 
north,  where  they  reach  a  depth  of  more  than  71 55  yards  at  the  llrtickeubcrg  Shaft, 
No.  1.  They  ure  covered  by  red  sandstones,  which  at  the  Briiekenberg  Shaft  are  more 
than  75.">  yards  thick.  The  number  of  seams  nre  from  ten  to  thirteen,  of  which  the 
thickest  is  2<y\  feet.  The  scams  have  many  bauds,  and  produce  two  coals — **  Pechkohle/' 
a  gas  coal,  and  ^Knsskohlc,"  a  mineral  wood  coal  of  loot]  occurrence.  There  are  thirty -rive 
collieries,  which  in  1880  produced  2,35-1,44)3  tons,  employing  9.fil<7  persons,  of  whom  99 
were  women,  191  professional  men,  and  90  coal-fitters  and  clerks.  In  \H8Q*  12  persons 
Were  killed,  ur  1^14  per  1MM  employed.  In  1S-S0  there  were  eighty  the  shafts,  of 
which  the  deepest  is  the  Hriiekcuberg  Shaft,  No.  1,  which  had  a  depth  of  9<>0  yards, 
now  reduced  to  820  yards.  An  average  depth  of  the  largest  mines  is  from  137  to  5i7 
yards,  while  that  of  all  the  shafts  is  2b7  yards.  With  the  exception  of  seven,  which 
produce  two-thirds  of  the  output,  the  collieries  are  small,  owing  to  the  fact  that  there 
are  numerous  surface  owners  who  own  the  coal  beneath,  and  each  works  his  own  c*ml, 
and  owing  to  the  more  or  less  absence  of  harriers,  ventilation  is  common  to  many 
collieries.  The  coal-Held  is  much  cut  up  with  faults,  and  great  difficulty  is  experienced 
in  the  deep  mines  to  keep  air  roads  open.  Uuibal  fans  are  mostly  in  usi*.  which  in  most 
cases  drawr  the  air,  while  in  a  few,  arrangements  are  made  so  that  the  air  can  be  forced 
if  required.  The  shifts  are  twelve  hours  long,  from  six  o'clock  to  six  o'clock,  two  shifts 
per  day,  the  men  working,  after  deducting  meal  hours  and  time  taken  in  getting  to  and 
from  their  work,  eight  to  nine  hours,  the  men  work  often  overtime,  and  many  of 
them  walk  two  honrs  a  day  to  and  from  their  homes.  Sixty  per  cent,  of  them  descend 
and  ascend  the  shafts  hy  cages  and  runes.  Most  of  the  men  belong  to  relief  societies,  of 
which  there  are  nine,  which  are  amalgamated  to  a  certain  degree. 


In  the  second  part  of  the  work  are  detailed  the  results  of  seven  data*  work,  in  which 
time  sevenlren  collieries  were  visited  mid  sixt v-thrcc  experiments  made.  Tl  ner- 
vations in.ird  unv  it*  Mlows:  Jli.-  h.rur.  temperature  nf  dry  thermometer,  ditto  of 
wet,  relative  humidity  in  percentage,  height,  of  the  barometer,  volume  of  Air  examined, 
amount  of  baryta  water  used,  amount  of  oxalic  acid  used  ifnuu  the  two  bitter  nf 
which  tin1  volume  of  CO.,  was  calculated  by  Pettenlmfcr's  method),  volume  of 
unreduced  CO,,  and  volume  of  reduced  CO,  ]>cr  unit  of  volume  of  air.  The  average 
of  o7  deg.  temperature,  -"ti  dep.  relative  humidity  nr  hygrometric,  and  58  deg.  (T),. 


Per  C«ii  lVr  MfU. 
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Allowing  one  man  to  give  out  in  21  hours  (two  shift*  of  HH  hour*)  27  cubic  fe*?t 
of  CO one  light  in  the  same  time  t>  H  cuhie  feet,  and  tine  horse  in  24  hour*  7*>J 
euhie  feet,  it  was  found  that  the  average  of  nine  ex  fieri  men  ts  showed  that  from  these 
sources  alone  the  air  was  vitiated  to  the  extent  <d  (Nil  jut  mill.  (0'3l  to  1*5). 
The  hygienic  staito  of  the  Zwiekau  mine*  is  favourable  in  comparison  with  other*, 
Bixlemann  found  12  0  jvr  mill  CO,  in  the  Ohcrhurx  mines;  Angus  Smith  in  urr  mine* 
7'85  per  mill,  (between  G  O  and  22  6),  and  21  per  mill,  (between  03  and  4'2J  hi  r*m] 
mineM;  Kuhorn,  in  the  Helgium  Serahig  mines.  K>'S,  117. and  1*0  per  mill;  !<choiidtiHf, 
In  the  return  filr  of  the  Saarbrilcken  mines,  an  increase  of  3  f 5  to  tVfl  |ier  mill. 

Other  examples  are  given  of  the  amount  found  of  CO,,  temperatures,  and  the 
hygrometric  condition*  of  several  European  collieries. 

liv  2  5  per  mill,  of  CO,  lights  are  extinguished;  with  28  }tor  mill,  a  match  cannot 
he  lighted,  while  fur  several  minutes  ii  dilliculh  of  breathing  w ill  not  be  experiences!. 

C.  Z.  H, 


IMPROVEMENTS  IN  MIXING  MACHINERY  IN  PRUSSIA  HIRING  THE 

YEAR  1881. 

femucht!  uwt  Vrrbrtsrruntjen  Itri  dtvn  BerijwerkMbttrirbt  %n  Prrtittr*  tcakremd  de* 
Jahrts  1S*L    Zrifwhrift  fiir  (lu  Brr/j-  Hitttm-  und  Snltn-m- JfVsea  in  P 
*i*vk*n  Stoat*.    Vol  XXX.,  pp.  230-2ti4.    Plate*  IX.-XU. 

Lmvbt*3  Wkoom. 

ThU  wedge  is  either  worked  hy  compressed  air  or  hy  hydraulic  power,  l>ul*oi*  and 
Frauem*.  in  their  "  Hosseye use*'  used  in  Helium,  use  compressed  air.  Hydraulic 
fiower  \*  adopted  in  France  and  the  Siuirhruekeu  eoiil  mines.  When  hydraulic  power 
is  used  it  is  unlike  the  ,l  lWeyenM.","  hy  drawing  the  wedge  from  the  hole  iu*U-«*l  of 
driving  it.  It  consist*  of  a  wed^e,  which  i*  placed  at  the  lsick  of  th«  hole,  with  iU 
thiti  end  uttueliiil  to  a  rod  xvhieli,  outride  the  hole,  forma  the  plunger  of  an  hydnsnlie 
ryliuder.  In  th»'  hole  are  laid  two  steel  cheeks  through  which  the  nxl  pa**cs,  and  wlspn 
moved  forwar<U  hy  hydraulic  jwwer,  the  wedgi-  i«<  drawn  l»*twt^n  the  cheek*  and  forces 
theec»at  '>i  «ti<ne  down.  The  jud  must  Uv  ho\v*\  under  The  apjiaratud  wtpporU  tl*etf 
when  tixul  in  the  hole,  i<-  ver>  handy,  weighs  Hull**.,  and  e*i«U  £2&.  The  diatmrtar 
of  I  he  livdrunlic  ex  Under  U  '.\\  inches. 
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MkCMAMOAL   DltlLLrNG  MACH  INES. 

Trial*  with  dinVreut  machines,  commenced  hi  1877.  still  continue  at  the  Communion 
Colliery,  near  llammolKberg.  The  machines  are  those  of  Sachs,  Meyerk  lister,  Dar- 
lington, Schramm,  Frtihlieh,  find  Neil  I,  of  which  the  Neill  prove*  to  be  the  most 
serviceable  :i rul  useful.  Many  tables  are  given  shewing  results  us  to  ipiantity  woo, 
cost,  wear  and  tear,  wag>s,  etc.,  ami  ir  appear-,  fii  if  there  is  a  saving'  equal  to  2s.  3"80d. 
per  Urn  of  ore  won  in  favour  of  machine-drilling  over  baud-drilling,  including  all  coats, 
during*  the  year  1880-81,  The  saving  in  favour  of  machine  drilling  for  the  years 
1877,  1878,  and  1879  was  10'39d.,  Is.  07d.t  ami  Is.  52d.  per  ton  respectively. 

Kokpb  System  of  Winding. 
This  system  has  been  adopted  at  the  Shamrock  Colliery,  No,  1  shaft,  Westphalia. 
The  two  cylinders  of  the  winding  engine  are  391  inches  in  diameter,  with  a  bAJ  feet 
stroke*  The  drum  is  feet  in  diameter,  and  is  5  feet  broad.  Each  cage  has  four 
(lucks,  and  brings  up  four  tons  of  coal  The  pulleys  are  20  feet  in  diameter,  and  the 
rofR's  are  1S5  inches  hi  diameter,  consisting  of  11  I  wires  o  ils  inch  diameter,  and  37 
wires  0'09S  inch  diameter,  of  patent  cast  steel,  weighing  38  lbs.  per  fathom,  the 
breaking  weight  l»eing  121  tons.  The  cages  up  to  the  chains  are  feet  high,  they 
weigh  each  2  7  tuns,  ami      persons  are  permitted  to  ride  in  each  at  a  time. 

CO- EFFICIENT  OF  FiUCTION 

of  wire  ropes,  on  flat  turned  smooth  sheaves,  lias  been  found,  after  repeated  trials, 

to  to  MIL 

Frastz's  Patent  Hydra  flic  Kepb. 
These  keps  are  in  use  at  the  Fiscal  Colliery,  Snlzhach,  A 1  ten w aid,  near  SaarbrtJcken. 
The  patent  consists  of  fotir  hydraulic  plungers,  two  to  each  cage,  in  connection  with  an 
accumulator.  These  plungers  are  vertical,  and  have  attached  to  them,  at  the  top, 
hi.rt/.niital  levers  moving  .m  n  fulcrum,  the  point  of  Their  attachment  to  the  plunger. 
These  levers  n re  prevented  from  being  tilted  dim-awards  in  the  -liaft  by  a  stop  placed 
over  the  other  end.  The  cage,  when  at  bank,  rests  on  the  ends  of  two  of  these  levers, 
the  plungers  being  then  at  their  highest  point,  and  the  communication  between  them 
and  the  accumulator  closed.  When  the  cage  is  to  descend,  the  onset  tcr  opens  the  com- 
muni  cation  tap  between  the  plungers  ami  the  accumulator,  and  the  weight  of  the  cage 
forces  the  plungers  down,  raising  the  accumulator  weight  at  the  same  time.  This  goes 
on  until  the  levers  disengage  themselves  by  virtue  of  the  descending  plungers  and  the 
stationary  stops,  which  allow  the  levers  greater  freedom.  As  soon  as  this  happens,  the 
accumulator  brings  the  plungers  bark  to  their  former  position,  when  the  tap  is  closed. 
Mir  cage,  on  coming  to  bank,  tilts  the  levers  up  till  they  fall  rK'>;  I  tin-  ca^v,  when 
they  resume  their  horizontal  position  and  support  the  cage  when  it  is  lowered  on  to  them. 

UosKNKKAN/'fl  Hydraulic  Kef, 
This  patent  has  been  fitted  up  at  the  Westphalia  Colliery,  near  Dortmund,  and 
con-Ms  of  a  movable  frame  fixed  below  the  Hat  sheet-,  which  can  be  moved  up- 
wards by  four  hydraulic  plungers.  To  this  frame  are  attached  movable  levers,  which 
form  the  keps  upon  which  the  cage  rests,  and  which,  by  means  of  a  counter-balance,  are 
kept  outside  the  range  of  the  cage,  and  which  also,  by  means  of  a  lever  in  connection 
with  an  hydraulic  valve,  can  be  moved  under  the  cage,  When  the  cage  conies  to  bank, 
it  is  brought  to  rest  ^ust  below  the  fiat-sheets,  a  lever  is  then  moved  which  raises  the 
hydraulic  frame,  at  the  same  time  bringing  the  keps  into  the  shaft,  until  they  support 
the  cage  and  bring  it  to  the  level  of  the  flat-sheets.  When  the  cage  is  to  descend,  the 
lever  is  moved  back,  which  at  the  same  time  opens  the  hydraulic  valve,  releases  the 
pressure,  causing  the  frame  to  descend,  and  with  it  the  levers,  which  fall  hack  ami  the 
cage  descends, 
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CoquilloVs  Gkisocmltek 
has,  after  re|>cated  experiments  in  the  laboratory  of  the  Fiscal  Colliery,  Hem  it  2,  near 
Saarbrueken,  been  so  improved  thai  the  results  obtained  are  equal  in  accuracy  to  the 
R'.r.iM'ii  gasomctric  meth>d.  By  it  the  return  air  at  the  Heiiiitz  and  Oeekcn  collieries) 
at  ri^ht  u,m.,  during  the  mouth*  «>f  September  and  October,  1881,  aaa  found  to  contain 
frrnn  n  122  toQ'5G«  [•>  r  cent  of  CO,  ami  fan  O'Ufi  t..<  U  l*7  p*  Mi 

Kobner's  Fire-damp  Cowscmino  Lamp 
bus  proved  a  failure,  by  not  being  able  to  consume  any  appreciable  amount  when  tire- 
damp  is  present  in  large  quantities. 

Safety  Sri bit  Lamts 

bavc  been  introduced  on  account  of  their  greater  sensitiveness  in  detecting  fire-damp. 

It  has  been  found  that  an  oxygen  name  will  sliuw  a  cap  when  fire-damp  is  present  to 

the  extent  of  only  a  quarter  per  cent. 

Tun  M a  n  tr  f  a  ct u&e  of  Ammonia  fbom  Coke  Otek  Gases, 
Curve's  system  is  at  present  most  extensively  used  at  He*«egcs  and  nelscnkcrchen* 
and  consist*  in  using  the  oven*  a*  retorts  which  are  heated  in  the  Hues  by  tarlcas  gasea. 
Dr.  Otto1*  system  is  similar,  and  is  mod  with  Copper  ovens  and  also  LUhriuann'*  overt** 
Satisfactory  results  are  untamed  by  these  processes  if  a  low  coking  tenitvrature  (&U0  to 
900^0.)  is  sulticient  in  the  flue*.  If  a  higher  temperature  is  required*  such  as  is  the 
case  fur  Saarhriicken  c;iK  the  iru-r-  mnM  U>  burnt  in  the  ovens  to  ubtain  a  high  tem- 
perature, and  to  save  the  flues  of  the  ovens  from  being  >o  soon  destroyed.  It  is 
quest  tunable  whether  when  burning  tarless  gases  alone,  which  already  have  h»t  a  con- 
siderable jKjrtiou  of  their  inflammable  mutter,  a  temperature  of  more  than  1,44X/J  C, 
can  be  obtained,  which  is  necessary  for  Saarbruckcti  coals.  At  the  Heinita  Colliery, 
in  Saar bracken,  during  the  first  half  of  the  charge  only,  (he  oven  is  scaled  up  ami  the 
de -tarring  process  takes  place,  while  in  the  remaining  time  the  charge  it  heated  by  the 
gases  of  the  neighbouring  ovens  (arranged  to  suit  this  process)  which  burn  in  the  ovesu 
The  large  tubular  condenser,  necessary  to  condense  the  tar,  ha*  been  replaced  by  a  small 
mechanical  condenser,  which  separates  the  tar  by  bringing  the  gases  together  with  a 
gn-at  velocity  through  small  upcrtures.  C.  Z.  B. 


COAL  CLEANING  APPARATUS  AT  THE  RHEINPREUSSEN  COLLIKKY. 
NEAR  HUM  BERG  (RHINE).* 

Die  Kohlen-Aufberritunq  attf  der  Stnnkohhnzeche  Rkeinpre*M*e%  Iri  Eombtrj  a 
Rhein.    By  HfeRitx  HochsTKATK.    Zeitschrifl  fUr  da*  Berg*  Hutt*n-  e»4 
Saline**W**en  im  PrtM*iri*chen  iStaate.     YoL  XJA*.,  ej>.  27SK284,  mtk  m 
folding  Plate  XIII.,  and  Text  Piute. 

The  process  here  adopted  is  not  entirety  dry:  a  blast  of  air  is  only  used  to  separate 
the  dust  from  the  nut  eual,  while  the  nuts  themselves  are  treated  with  water  fur  the 
separation  of  the  dirt. 

The  rationale  of  the  process  is  as  follow  s: — First,  coals  over  a  S  i  -inch  screen  goat 
large;  second,  coals  passing  over  a  2  4-inrh  and  a  1 -0-inch  screen  are  each  separately 
washed  to  take  out  the  dirt,  and  are  sometime*  cleaned  by  hand;  third.  Coals  passing 
through  a  ltf-iiieb  screen  are  divided  into  six  surts  by  a  revolving  screen,  the  fber 
smaller  size*  of  u  hi  eh,  those  passing  0  27*  0  47,  Un7,  and  0'ft7*iach  •crveita,  are  treated 
w  ith  a  blast  of  air  which  separate*  the  dust  from  the  coarse  or  nut  coal,  which  again  is 

•  Wm  Mr  \l*th\*nw  ■  f»ar«  r  on  "The  iJry  or  Wind.  MeUiotl  of  Cleaning  OoaT  st  U*  mbmm  <«aUknj,  I0 

iha  Institute  Tnuu*ctkoa«.  Vol,  XXXI .,  p.  M» 
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divided  into  fine  and  dust  coal.  The  coarse  or  nut  coil!  of  all  the  six  sorts  U  then 
treated  with  water  in  a  peculiar  way*  They  are  brought  lirs!  int..  tpiiet  water,  from 
which  they  pass  downwards  into  a  rifling  column  of  writer,  the  dirt  falling-  down 
tpdmtt  the  stream  and  the  coal  rising  with  it.  The  coal  is  then  either  sold  as  nuts  or 
euktid.  If  the  latter,  it  is  drained  as  much  as  possihle,  dried  with  steam,  and  then 
ground. 

Of  the  wind-treated  coal  30  per  cent*  of  dust  is  obtained.  To  clean  500  tons  a  day 
a  35  horse -power  engine  is  required. 

The  coal  for  coking,  after  cleaning,  contains  3  per  cent*  of  water  and  5"f>0  per  cent, 
of  The  not  C"ats  contain  215  |>er  cent,  of  water  and  -t'Ol  per  cent,  of  ash. 

The  advantage  of  the  system  is  that  the  coal  i*  obtained  in  a  much  dryer  state 
than  when  entirely  treated  with  water,  which  contains  as  much  as  27  per  cent,  of  water, 
and  will,  after  twelve  days,  contain  as  much  as  IS  per  cent* 

Experiments  made  at  I  Whom  have  shown  that  one  pound  of  tine  coal*  with  18  per 
rent,  nf  water,  pave  VW*  per  cent,  of  ash  and  evaporated  5'7  lbs.  of  water,  while  with 
only  3  per  cent,  of  water  the  same  coal  gave  the  same  amount  of  ash,  but  8  to  8|  lhs, 
of  water  were  evaporated. 

The  heating  power  of  the  wet  cml  is,  therefore,  at  least  29  per  cent,  less,  of  which, 
however,  15  per  cent,  must  be  deducted  on  account  of  the  lens  amount  of  coal  when  it 
has  18  per  cent*  of  wTater  comjiared  with  that  containing  only  3  per  cent* 

When  this  wet  coal  is  coked  the  ovens  are  damaged,  and  an  inferior  quality  of  coke 
is  made.  The  entirely  wet  method  wastes  a  large  amount  of  coal,  which  g*s?s  over  with 
the  dirt,  more  is  paid  in  freight,  end  in  winter  a  difficulty  in  handling  occurs* 

C.  Z.  B* 


SLATE  MINING  AT  ANGETiS 

Not  i  ten  fiber  die  Daoh&chiefergewinnurtg  zu  Angers.  By  R*  NAS8B*  Zetlxchrift  f&r 
das  Berg-  Riitten-  und  Saline*-  Wesen  ita  Preus #i token  Xtaate.  Vol,  ATJTX, 
pp.  223-229. 

The  high-dipping  Silurian  Slates  of  Angers  often  possess  a  distinct,  nearly  vertical, 
cleavage  almost  at  right  angles  to  the  strike  which  is  W«N.\V.  and  E.*S.E.  For  5  miles 
\V.X.\V\  of  the  Loire  the  shite  zone,  of  a  thickness  of  some  2,tJ00  feett  is  separated  into 
four  divisions,  of  which  the  upper  two  only,  the  *•  Veinedu  Nurd  u  or  **  Vein*?des  Petits 
fill1  f null  ft"  and  the  "Veine  du  Sud"  or  ,4Veine  des  Grands  Carreaux,"  are  worked. 
The  Veine  du  Nord,  which  dip*  norLh  from  70  to  80  degrees,  has  a  thill  of  alum  slates 
and  a  2$-fect  sandstone  in  the  roof,  and  has  a  thickness  of  from  530  to  590  feet,  of 
which  only  230  to  260  feet  arc  worth  winning.  The  Veine  do  i^ud  lies  850  feet  below, 
dips  towards  the  south  G5  to  70  degrees,  and  has  a  working  thickness  of  16-4  to  590  feet* 

The  slate  has,  when  fresh*  a  blue-grey  colour,  weathering  to  a  yellowish  grey-brown 
or  rusty  brown. 

The  working  of  these  slates  is  said  to  date  back  to  the  12tb  century,  certainly  to 
the  Uth, 

When  it  is  worked  quarry -like  to  the  day  large  rectangular  chambers  are  excavated 
from  the  surface  from  60  to  70  feet  long  in  the  direction  of  the  cleavage,  and  50  feet 
broad.  These  chambers  go  down  vertically  a  depth  of  100  yards  in  good  slate.  A 
greater  depth  is  not  considered  safe  on  account  of  debrix  falling  from  the  sides  of  the 
chambers,  loosened  by  weathering.  Generally,  the  first  15  or  20  yards  of  slate  from  the 
surface  is  worthless*  The  method  of  working  is  as  follows:— A  long  trench  is  cut  in 
the  slate  along  the  middle  line  of  the  chamber  in  the  direction  of  the  cleavage.  It  is 
about  4  yards  in  depth  and  \\  yards  in  width.  From  both  sides  of  this  the  slate  is 
worked  off  in  steps  towards  the  sides  of  the  chambers.    As  soon  as  the  two  first  steps 


(foncees)  hare  advanced  6  yard*,  two  more  are  started,  4  yard*  in  height,  and  the  tnmeh 
at  the  same  time  is  made  deeper.  Each  #tcp  is  occupied  by  from  15  to  20  workmen 
and  each  qjiarry  by  from  80  to  90  men,  of  which  10  to  12  are  employed  iu  removing 
and  lifting  the  slabs  to  the  surfac  e  The  men  travel  up  and  down  bj  ladder*.  The 
chambers  in  the  direction  of  t ho  cleavage  are  continuous  while  on  either  side  10  to  15 
yards  are  left  as  safety  barriers. 

When  worked  below  the  surface,  these  chambers  are  about  65  yards  lon^  in  the 
direction  of  the  cleavage,  and  about  55  yard*  wide,  and  some  have  reached  a  depth  of 
270  yards  below  the  surface.  They  are  reached  by  rectangular- sectioned  shaft*,  which 
are  3i  by  5£  yards  and  are  in  the  middle  of  the  chamber.  After  the  shaft  lias  reacluU 
a  depth  of  20  yards  or  so,  from  both  sides  in  the  direction  of  the  cleavage  as  far  a*  the 
chamber  is  to  extend,  a  passage  is  driven,  from  which  at  right  angles  others  are  driven, 
till  the  whole  chamber  is  formed  with  a  flatly  arched  roof.  No  powder  is  used  in  this 
wovk.  Tbe  chamber  then  progresses  iu  a  similar  manner  to  the  quarries.  Between 
chambers  working  alongside  a  lo-yard  pillar  is  left.  The  roofs  iu  these  chambers  re- 
quire the  most  careful  examination,  and  for  t li is  purpose  galleries  arc  hung  from  irost 
rods  fastened  into  the  stone,  from  w  hich  two.  sometimes  four,  men  are  always  occupied 
in  examining  the  roof  with  long  iron  bars.  The  men  wear  stout  leathern  hats  to  pro- 
tect themselves  from  small  pieces  of  stone.  The  great  difficulty  is  the  lighting  of 
chambers  to  examine  the  roof,  which  was  formerly  done  by  torches,  but  now  by 
light,  which  is  being  replaced  by  the  electric  light.  Artificial  ventilation  does 
exist. 

Wurkiuir  by  overhand  stoping  is  being  introduced,  which  will  in  time  replace  the 
present  method,  being  safer,  in  lessening  the  risk  from  roof  accidents. 

The  dressing  of  the  slates  has  nothing  special  to  call  attention  to. 

In  1876,  152,351/100  pieces  of  ordinary  slate  weighing  58,370  tons,  and  4 Jib  1,000 
pieces  of  so-called  English  slate,  weighing  5,241  tons,  were  dressed. 

The  wages  of  the  men  working  iu  quarries  is  from  3  to  3}  franc*  per  day,  and 
underground  from  3 j  to  4 J  and  sometimes  5  frolics  per  day.  The  splitting  is  paid  by 
the  thousand  of  1,0-10  pieces,  and  a  good  workman  can  earn  3  francs  per  day. 

The  six  companies  working  the  slate  have  amalgamated,  and  tbe  sale  of  the  produce 
is  effected  for  all  by  a  syndicate. 

Production. 
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The  present  yearly  production  of  a  chamber  in  full  work  amounts  from  thirty  to 
fifty  millions  of  pieces  of  slate.  The  states  are  made  in  two  titr*  one  8  26  *  9H3  to 
LS*tt  x  8*66  inches,  and  the  other  (KnglUh  «laU-«j  far  export,  11-81  *  6 1»  to 
*  1 117  inches.  The  thicknev  «.d  the  lunntr  i* o^J  to  0  lti  inches  and  tlw  latter  from 
0*15  to  0*24  inches.  The  production  is  more  than  that  of  half  of  all  Franc*.  Tbe 
competition  with  W«Uh  slate  U  keen,  not  only  at  the  coast  bat  far  inland.      C\  Z.  H. 


RESULTS  OF  THE  EMPLOYMENT  OP  NEW  EXPLOSIVES  AT  ROYAL 
COLLIEIUE*  IN  GERMANY. 


Benvttate  der  Anipendnng  neurrer  Sprenffmaterialien  hei  dem  JTdnigfrche*  *Stein- 
kohlenwerkt*  By  M*  GeuRGI.  JahrbucU  far  da*  Berg-  und  Hiittenwetcn  im 
KOnigreicke  Sachncn  auf  das  Jahr  1882,  pp.  135-144, 

In  general  powder  is  used  in  coal  and  dynamite  in  stone.  The  use  of  No.  1 
dynamite  in  coal  is  unsatisfactory,  us  it  crushes  the  coal  into  powder  round  the  hole, 
or  Ui»ws  out  the  ste mining.  In  narrow  places  No.  3  eoal  dynamite  proves  more 
nueeessfuh  as  U  seen  from  the  fallowing  table: — 
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The  use  nf  dynamite  in  stone  has  reduced  the  cost  of  driving  drifts  one-half,  some* 
times  two  thinly  this  suviu^  being  due  to  a  great  extent  to  the  new  Tyroler  boring 
method  (Schlcnkerbohrcn).  The  only  disadvantage  in  the  use  of  dynamite  is  the 
destruction  of  the  roof,  which  is  worst  when  driving  a  horizontal  drift  against  the 
direction  of  the  dip. 

Printout k"  guup-wclvr,  obtained  by  the  men  in  cartridges  at  5' 45d+  per  lb.,  in  com- 
petition with  ordinary  powder,  gave  the  following  results: — 


ExpIoeJTa  and. 

mm 

Hewers" 

Shift*  lit 
8  Honrs, 

Yard* 
driven. 

Yards 

driven 
|.mt  fcihi/t 

Per- 
cc-tit&^e 

of 
Round 
Goal 
made, 

EXPLOSIVES, 

Bemarta, 

at 
B  Hours, 

Lbs  us*d 
per  Yd, 

Coat 
per  Yd. 

Per  Yd, 

Shillings. 

Ordinary  Powder 

84  o 
880 

S-93 
3-21 

38M 
37  88 

D2S5 

Mi 

SOS 
331 

2-14 
343 

P  g 
0  77 

J>3  6d  per  lb. 

Prismatic   do.  »| 

1471> 

284 
2  88 

um 

51-63 

0  300 

o  m 

ST* 
344 

208 
018 

073 

|s  45d.  „ 

Comparing  gun  cotton  with  diatomaeoous  dynamite,  it  is  found  tliat  it  cannot 
compete  with  the  latter. 

Nobel's  gelatine  dynamite  has  won  the  favour  of  the  men.  It  is  used  similarly  to 
dynamite,  while  its  power  increases  with  the  diameter  of  hole  and  the  hardness  of  the 
stone.  The  explosive  gases  have  in  general  the  same  influence  on  the  respiratory 
organ  a  as  those  of  dynamite,  and  contain  no  diatomuceous  dust.  The  gelatine  should 
be  exploded  with  double  or  treble  power  detonators,  the  extra  cost  Wing  compensated 
for  by  increased  power. 

The  cost  of  fuses  and  detonators  is  not  included  in  these  tables;  the  prices  are 
those  which  the  workman  pays. 


I.— In  Felsitk  Pouphyiit. 


No. 

E&ploaive  uiftL 

Area  of 
Drift. 

No.  of 

D/HTAXre 

DlttVKK. 

ExrLoaiVfca. 

per 
Yard 
driven. 

Ill 

Yards. 

Per 
Shift. 

P^Yd- 

Co*t 
per  Yd, 

in 

DlatomaoeoURdjijaailte 

11 15  ft  x 
5  35  ft  =684 
wq  ft. 

954 

3073 

0-081 

Bha. 
193 

General  »*ff, 
£3  1993a.  per  y*r*L 

3 

Kiptoflivo  gelatine 

Do. 

rm 

1138 

0-105 

H3 

4 

Do.  do. 

Do, 

734 

HF 

0115 

5D4 

171 

a 

DiAtoiiuK-oou  j  <ly  n  ami 

Parallel  run- 
ning «irifl  to 
abOfO 

7fil 

17  50 

0111 

330 

111 

General  *ik 
£3  10'4fia  ix- 1  ya*d 

s 

Do.  da 

Same  aixe 

649 

lfi-of 

0131 

1301 

Favoured  by  flaeitre* 

7 

EiplOBkTfi  gfilatLDS 

Do 

3-41 

356 

0153 

3-44 

117) 

a 

Do,  do. 

Do. 

715 

1777 

0113 

4$e 

15f 

9 

Golatiue  dammit* 

Do. 

6  93 

0143 

4  40 

11  4 

II.— I*  Coal  Measures  Stiuta. — Sandstone  and  Guar  Metal, 

10 

11 

D  i  atom  acco  us  dyne ad  U? 
Geletloe  draaxnJto 

7  54  ft.  X 
4  53  ft.  =34  e 
•q.ft 

Do 

496 
4^9 

16-  95 

17-  97 

01C9 
0-300 

296 
3  33 

3 

61}) 

General  war*. 
37  a.  6*L  par  yard. 

11 
U 

Dlatomaecouj  .tynazotte 

Do.  do. 

5-9  ft.  x  399 
ft.  *■  1935 
*1  ft. 

Do 

rm 
tn 

13  03 

14  55 

0  330 
0334 

366 
333 

6*j 

General  nn  19a. 
per  yard  ttort 
iontal  drift 

14 

ncUiiucdjrrmiuitL- 

Do 

440 

oiou 

3  01 

3-9 

II 

Do.  do. 

Da 

477 

9  94 

0175 

339 

6-0  > 

Rising  94*  in  kaed 

16 

Do. 

393 

16  40 

0934 

16* 

at 

IT 
IS 

Dlatomaceoua  <ljn*niltu 
Gelatine  dynamite 

6M  ft.  X 
3WfL  =93* 
a*],  ft. 

Do 

319 

3-9* 

3133 
1693 

0361$ 
0930 

373 

Hi 

3 

T»o  ptAlM  p» 
nlng  «ir  ma*U  rt* 
litf  JeT  Oat«l 
wa*^  93a  jc*  yd. 

H 
30 

Dlatomareou*  djnamHe 
and  gun  cotLuii  equal 
.jtututktte*  1*  iMgbl 

<Mai.1w  dynamite 

43  H  ft 

Do. 

305 
593 

19  90 
S97 

0  133 
0130 

9-39 
973 

33 
71 

BnA*«UpJ«  Gwaav 
r*T»a<m  39*  fm 

ffmmmi  X3a 
par  yard-  HraAa 
staple. 

CO 

—In  Sandstone. 

91 

u 

Dlatamaceoue  d  ynam  i  to 

Do,  11  Ito,  ami  eiplo- 
eive  gelatine,  66  It* 

7  f5ft  *  4  93 
ft    -37  0 

Do. 

55 
35 

973 

131*3 

0153 
0163 

3?J 
999 

7* 
96 

RW^4S*(ai»  drift! 
in       ,         per  !■! 

The  danger  of  the  new  explosive*  is  if  nnjthitiff  le»*  than  thai  of  dynamlto,  far, 
altbotiph  they  fnwio  at  the  nine  temperature  they  require  double  or  trehl«  detunaLof*, 
therefore  more  mechitnicnl  effort  to  eiplode.  ami.  on  account  of  their  gi*Uttito«a 
constitution,  the?  are  L.<u  liublo  to  WAtter  *hen  cut.  The  ciploaiv*  fraor*  of  tho 
pehttiiiiml  <|> lutmite  are  lighter,  therefore  their  ttw  will  U>  adviuiUgrout  in  \Amct% 
ditiieiilt  to  ventilate  C.  &  B, 


M1NINU  STATISTICS  uF  Sl'AlN  FOB  lH>*a 


E$tctdt$tica  Miner  a  de  E*pann  correxpomiienle  at  Ano  4e  1880,    Revitta  Mine  fa 
y  31et(it&rgica,  Sen'e  C,3  7*omo  7,  1883,  jp.  50, 

The  Board  of  Agriculture,  Industry,  mid  Trade  have  lately  published  the  statistics 
for  1880t  furnished  by  the  Council  of  the  Mining  Department  from  data  supplied  by 
the  bead  engineers  in  the  various  mining  districts.  The  following  details  and  summary 
are  extracted  therefrom  i  — 

At  the  dnse  "f  1**0  there  were  III,  130  mines  in  Spain,  99  ore  heaps  (terreros), 
and  137  exhausted  mine.-  (esenriules),  coveting-  an  area  *  if  fj<  ifj.  ">*.i7  heel  arcs  (about 
1,2-31,192  acres)*  with  about  110  trial  pits*  occupying  3,-408  hectares  (8,520  acres), 
an  increase  upon  1879  of  643  mines. 

Comparing  the  tables  which  are  subjoined  with  the  statistics  of  1679,  there  was  an 
iucroa.se  of  IS.  110,120  metric  quintals  in  the  production  of  iron,  or  more  than  double; 
"j  i  ;^  in  that  of  copper,  and  1 II  in  argentiferous  copper;  1  172  in  lead  and  zinc,  and 
a  considerable  increase  also  in  other  minerals]  while  iu  lead,  silver,  antimony,  and 
others,  there  was  a  decrease.  The  number  of  workmen  killed  by  casualties  in  the 
mines  was  87,  27:4  "ere  badly  hurt,  and  o!7  slightly.  The  majority  of  fatal  accidents 
occurred  in  the  copper  mines. 


GKXERAL  SUMMARY. 


BUNTAifCas, 

Mid  en. 

12*  Acres), 

Workmen 

Steam 
Euginea 

Horso*. 

Produce. 

Metric  QuiaUli 

Ton*. 

Iron 

771 

llt937 

11,795 

4 

74 

36,1  :>;\$w 

3,606,692 

Lend 

907 

■i.u«; 

18*969 

155 

439G 

2.900,470 

285,406 

Argentiferous  lead 

137 

1*286 

3,434 

80 

1,407 

3<  *8,o22 

30,318 

Silver 

20 

88 

1,060 

15 

319 

299,985 

29,518 

Cold   

6 

63 

5 

P 

Copper 

35 

2.272 

6,837 

33 

708 

14,762,000 

1,152,589 

Do.  argentiferous 

2 

24 

38 

1,010 

994 

Tin   

1 

? 

4 

6 

-  I 

Zinc 

119 

1,031 

2.361 

13 

108 

505,200 

49,702 

Lead  and  stinc 

1 

36 

20 

l,2l  JO 

118 

Quicksilver 

12 

196.418 

3,045 

"5 

140 

263,362 

25,914 

Antimony  „. 

2 

16 

8 

114 

11 

Nickel   

a 

32 

40 

60 

6 

Cobalt 

4 

35 

■v, 

1.2JS6 

124 

Manganese 

26 

295 

371 

i 

50,337 

4,953 

Common  salt 

32 

too 

612 

2 

8 

172,382 

16.959 

Sulphate  of  soda  . .. 
Coprolitea  

5 

89 

M 

63,400 

6238 

1 

4 

2n 

28,000 

2.755 

Sulphate  of  barytes 

I 

6 

6 

8,000 

787 

Alum 

6 

31 

100 

106,750 

10,504 

Sulphur 

46 

698 

501 

302,814 

29,796 

Apatite   

6 

62 

450 

6 

til 

247,126 

24,317 

Coat   

409 

25,515 

6,811 

57 

1,54-2 

8,257,902 

812,584 

Amber 

1 

4 

6 

8 

1 

Lignite 

40 

2358 

350 

"i 

20 

213379 

20,996 

Peat 

1 

23 

4 

2,000 

196 

Asphalte,  

2 

28 

8 

5,839 

574 

Totals 

2,597 

217.447 

59  905 

372 

8.893 

THE  VAPAKT  PI  LVERIZRR. 


El  Tritvrador  Vapttrtt  como  mdqutna  Separadora  de  Mineral*.    Por  J  VAX  FaLCO 
r  Saxciio.    Rerista  Mineea  y  J/efVaVyica,  Sfrie  C\,  Tomo  I.t  p,  35. 

Tlie  difficulty  of  separating  the  composite  ingredients  of  a  mineral  substance  ha* 
been  met  by  experiments  made  by  Ilerr  Brill  gen  bach  with  VaparUs  machine  on 
specimens  containing  iron  pyrites  and  blende. 

When  the  mill  revolved  At  a  velocity  of  800  revolution*  per  minute  fragment*  of 
iron  pyrites  from  20  to  millimetres  in  diameter  were  reduced  one  («rt  to  pom dcr, 
the  other  to  griiius  of  from  1  to  1|  millimetres ;  but  reducing  the  velocity  to  400 
revolutions,  similar  fragments  were  hearcely  changed  in  form.  800  revolution 
reduced  the  blende,  which  is  inferior  in  on  nines*  to  the  pyrites,  to  a  very  fine  powder; 
\\K]\r  W0  converted  part  into  powder,  and  the  remainder  into  grains  of  from  }  to  3 
millimetres.  Consequently,  if  a  substance  coinjiosed  of  these  two  bodies  is  nubjreted 
to  the  velocity  of  400  revolutions  per  minute,  the  pyrites  will  faU  unchanged,  while 
the  blende,  being  reduced  to  a  very  fine  powder*  can  be  easily  separated  by  *iftin|r. 
This  machine  can  iterate  upon  five  tons  an  hour.  The  method  would  tie  tjf  great 
service  in  phosphorite  mines,  as  the  difference  which  exists  between  the  relative  hard- 
neai  of  that  mineral  and  of  the  qnuru  uith  whieh  it  U  so  often  nccompanicd  would 
render  it  easy  to  effect  a  sufficient  separation  of  the  two  materials  to  prove  highly 
remunerative,  and  increase  considerably  the  wealth  in  phosphate  or  many  of  the*e 
mine*.  J.  H.  M. 


DISTILLING  APPARATUS  IN  USE  AT  THE  QUICKSILVER  MIXK 
AT  ALMA  DEN. 

Una  Vitita  at  Cerco  de  Suit  rone*  en  Almadeu.    Por  J  tan  Saxchk*  r  M 
Rtritftt  Minern  y  Jlefalurgtctt,  Srn>  C,  Tomo  I  1SSS,  /».  AO. 

An  important  improvement  has  recently  been  introduced  in  tin-  unking  «f  the 
quick  silver  mine  at  Alimidcu,  in  Spaio.  In  the  fnsnuos  hitherto  in  m*e,  which  had 
been  principally  copied  from  those  *  f  Idria  in  Auatim  il  had  liecn  found  impostihle 
to  utilize  the  fragment*  of  mineral  (racMcos)  which  accmuuhi ted  round  them  during  the 
process  of  distillation,  and  w  hich  contained  considerable  quantities  of  the  valuable  metal. 
A  new  distilling  nppamtus  has  now  been  invented  hy  a  young  engineer  from  tlie  School 
of  Mines  at  Madrid,  Don  Joee.  de  Madariaga,  who  hat  introduced  it  at  AJniadcn 
under  the  directions  of  the  manager,  l>on  Euscbio  de  Oyarzabal  The  apparatus 
consists  of  a  self-acting  reverberatory  furnace,  one  great  advantage  id  which  i* 
that  the  workmen  are  no  longer  obliged  to  enter  the  furnace  ami  encounter 
the  duugcr  of  suffocation  from  the  gases.  No  cases  have  been  sent  to  the  hospital 
where  thi*  apparatus  is  used.  IJy  its  means  the  whole  of  the  fragments  am  submitted 
to  distillation,  and  C  per  cent,  of  quicksilver,  which  is  the  total  contained  in  them,  is 
obtained  ;  so  that  from  these  alone  which  were  formerly  useless  sufficient  is  gained  to 
pay  the  whole  expenses  of  the  establishment.  The  consumption  of  fuel  is  raocb 
less  than  on  the  old  system,  whilst  the  eipen*e  nf  labour  remains  the  «utie.  The 
workmen  having  c  mphiincd  nf  injury  to  the  sight  from  the  emanations  of  the  gleam, 
they  have  been  furnished  with  vizors  to  protect  their  eyes.  The  fnmacea  bare  been 
altered  to  bum  coal  instead  of  wood,  as  it  in  found  to  I*  more  economical.  A  new 
system  has  also  been  adopted  for  putting  the  quicksilver  in  Imrrvla,  J.  II.  IL 


ft] 


THE  TH1KI0N  CLASSIFIER. 

El  Clatificador  Tkirion,    For  Koman  Oiitol.    Iterixfa  Minera  v  Metalurgicti. 
SSrie  C,  Tomo      1883,  p  59.    One  folding  Plate. 

A  detailed  description,  illustrated  by  a  diagram,  of  a  classifier  introduced  into 
a  factory  in  Escoirdircnis,  Muieia.  for  the  nu'chuuieal  preparation  of  minerals, 
by  the  director  of  the  establishment,  D.  Leopold  Thirion.  Several  of  these  machines 
have  heen  in  work  there  snee  1K7'»  with  complete  success.  The  machine  consists  of  a 
series  of  ouch;  the  mil  lend  passes  in  from  abmc,  and  is  met  by  n  column  of  water  rising 
from  below,  and  can  operate  on  1,000  kilogrammes  (2,204  lb-!,  av.)  per  hour,  with  a 
consumption  of  14  or  15  cubic  metres  of  water.  If  the  quantity  of  water  requisite 
should  be  an  obstacle  in  localities  where  the  supply  runs  short,  the  same  water  may  be 
used  mer  and  over  ii^iin,  after  cleansing  in  tanks  prepared  for  the  purpose,  between 
each  repetition.  The  machine  U  not  expensive;  it  might  be  put  up  at  a  cost  of  from  500 
to  600  francs.  It  can  operate  on  all  kinds  of  ml  I)  it  ill  In  Eacombrcras  it  is  employed 
not  only  rm  tin-  had  "f  the  district,  but  aUo  no  (he  argentiferous  pyrites  of  Ceale 
(Africa),  nn  the  blende  and  iron  pyrites  nf  Sierra  de  Cartagena,  and  on  many  other 
metalliferous  substances.  The  same  system  may  be  applied  to  the  cleaning  of  coal, 
with  a  slight  alteration  »f  the  machine.  J,  H.  M, 


THE  COW'KR  OF  CHILL 

El  Cobre  de  Chile.    Revi*ta  Mittera  if  Metahtrgiea,  Sirie  C,  Tomo  L,  18S3»  p.  37- 

The  exportation  of  copper  wma  in  1879  50,154,  in  1880  43,853,  and  in  1881  38,618 
metric  tons  (2,204  lbs.)    The  decrease  i*  due  to  the  war  with  Peru. 
The  38.618  tons  exported  in  1881  were  distributed  a*  follows 

Tons. 

England    27.647 

France   ,    7.148 

Germany    Tr,  fmM  ...  lt0b'fi 

Other  countries     .  ..        ...        ...  2,757 

38>618 

The  price  in  1881  varied  from  £15  7s*  lOd.  to  £18  15s.  per  metric  ton  f.o.b., 
dressed  to  a  standard  of  96*  per  cent,  J.  H.  M. 


SINKING  THROUGH  RUNNING  SANDS. 
Creusement  du  Puiftt  de  Qn  *ev  recti  u  in.  Par  M.  K.  ChaVATTB,    But  It  tut  dr  la  Svt'U'fr 
de  V  Industrie  Minirale,  Scr.  2,  Tome  XT.,  1882.  pp.  7b7  799.     Trm  folding 
Plates,  XT'IIL,  XIX. 

This  is  an  account  of  the  sinking  of  a  shaft  through  tin*  following  strata  :  — 

Metres. 

Made  ground  (old  brick  pit*  tilled  up)  2  00 

Running  sands      ...    790 

Gravel    120 

Incoherent  marls   22  00 


8*00  (110  feet). 


The  shaft  was  bored  out  by  means  of  a  tool  shaped  like  a  rake,  to  which  bag*  were 
attached.  As  the  rake  revolved  the  sand,  etc.,  was  stirred  up  by  the  teeth  and  scooped 
up  into  the  bags.  The  tubbing  followed  up  behind  the  rake,  forced  down  by  mean*  of 
screw  jacks. 

The  white  chalk  underlying:  these  34  metres  of  incoherent  strata  was  bored  through 
(111  metre*)  by  the  Khid-Chnudron  process  with  some  improvement*,  such  a*  the 
suppression  of  the  moss  box*  The  finished  pit  was  about  10  feet  diameter  and  80 
fathoms  deep.    The  sinking  occupied  730  days.  J.  H.  M, 


A  PHOTOMETER. 

J}i*pox\Hf pour  comparer  lex  Denti/fr  de  Qaz  d'cclairage.  Par  M.  Dk  Rkv-1*.vil  ?i  adk. 

Bulletin  de  fa  Soa'ete  He  V Industrie  Mintrate,  Str.  2,  Tome  XL,  1882,  pp. 
917-921.    Plate  XXXIV.,  Fig,  4. 

The  illuminating  power  of  gas  bears  a  fixed  ratio  to  its  density,    Jf  therefore  the 
density  can  bo  determined  at  the  same  time  the  illuminating  value  con  be  determined. 
M.  De  Itey-Puilhade's  apparatus  is  based  DO  the  following  law  :  — 
If  D,  I),  =  the  densities  of  two  gases, 

0,  0,  -  the  durations  of  flow  of  equal  volumes  of  the  same  through  an 
aperture  in  a  thin  plate* 

Then  jj»  - 

The  method  he  adopts  for  notiug  the  volume  and  time  is  an  follows  s— A 
vessel  containing  a  float  is  filled  with  the  gas.  This  vessel  is  closed  at  the  top  by  a  thin 
plate  pierced  with  a  small  hole.  Water  under  a  known  head  entering  at  the  bottom  of 
the  vessel  |orr«v*  the  g;v*  <mt  through  the  aperture  at  the  top,  The  time  is  tinted  by  a 
chronograph,  nnd  the  volume  by  the  float  rising  post  marks  on  the  glass  ve«sc1.  Twu 
experiment.*  are  made;  one  upon  air,  the  other  upon  the  gas  the  illuminating  value  of 
which  is  required  ;  and.  as  tin5  density  of  air  is  known,  the  density  of  the  gnu,  ami 
consequently  it*  illuminating'  power,  can  he  determined.  J.  H.  M. 


THE  MINKRS'  ANEMIA 

Du  Role  de*  Eatosoairei  et  en  Paeiirutier  de*  Auchttloxtom**  dam  la 

det  Mineum,  Par  M.  l.K  DotTFtTK  FAtlkE.  Mfdtci*  de*  Hoatttrre*  de  Com- 
menfry.  Buffet  in  de  fa  SottW  de  I'lnduMfrie  Mineral*.  84r.  2,  Tome  XL, 
1882.  pp.  801-»2b\ 

About  three  years  ago  the  men  employed  at  the  St,  U<it  hard's  Tunnel  were  much 
troubled  with  anchyloHtomc* :  more  recent h  their  presence  was  observed  in  the  men 
working  at  wnne  French  collieries  and  it  wan  thought  that  the  diseases  peculiar  to 
miners  might  he  due  to  1 1 *ese creature*,  more  especially  the  no-calhsl  Mineri*  A*<wm*m, 

M.  Fabry  lias  interested  himself  in  the  mutter,  and  this  paper  is  the  result  of  hi* 
investigations.  His*  conclusion*  are  that  there  is  nothing  in  the  conditions  of  a 
miner's  life  that  «bonld  make  him  serially  liable  to  iutwltnaj  |tara*it**,  and  that 
rtiui'inja,  a-*  \\  ditea«c  more  prevalent  amongst  miners  than  amongst  «ther  perwms,  Arm* 
not  v\\*t  J,  II.  II. 


N 


THE  AUBIN  COAL-FIELD,  ETC. 

Mint*  de  Houille  et  Fabrication  de  la  Font*  dans  le  Basxin  d'Aubiit.  Par  M. 
Col k AT.  Bulletin  de  la  Society  de  V Industrie  Mineral*  *SV/\  2,  Tome  XI.,  1882, 
pp.  1.043-1,080;  one  folding  Plat*,  XXXI  III. 

This  gives  an  account  of  tin*  miinv,  furnaces,  etc,  nf  tin?  AnLi n  basin,  mid 

includes  the  position  n  1  i -.  i  I  n,  basin,  its  geological  features  miuoniK  systems  of 
working  the  coal,  railways,  bla^t  furnaces,  coke  ovens,  and  analyses  <ff  its  coal  and  coke. 

The  Aubi n  coal*  field  in  situated  in  Avcyron,  and  t|  comprised  in  an  isoceles  triangle 
8  kilometres  in  the  liase  and  10  high.  The  tntitl  surface  area  U  alnnit  U w x i  hectare* 
(15i  square  miles),  und  that  nf  the  seams  already  known  2,200  hectares, 

'Hie  coal  royal  lie*  are  leased  hy  live  companies. 

The  thickest  seams  of  coal  are  found  in  the  centre  of  t  he  basin,  vi/  .  at  Dceazeville 
and  Combea,  where  the  total  thickness  of  coal  varies  from  70  to  AO  metres  (230  to  2<S0 
feet).  Towards  the  cast  und  west  it  diminishes,  being  at  Palayret.  Finny,  and  Anbin 
only  12  to  15  metres  (40  to  60  feet).  Towards  the  north  and  south  it  also  thins,  being 
20  metre*  low  feet)  at  Cauipagnae,  10  metres  (<rJ2  feet)  at  Kuhl.  and  S  metres  (2<i  feet) 
nmr  ihmuuies.  Some  of  the  seams  are  very  invintLtr  in  thickness  the  (jrande  couch* 
of  Honrran  thinning  out  towards  the  east  from  70  metres  to  \i  (T.\0  feet  to  10). 

The  present  systems  of  working  are: 
L — Quarrying. 

2— Horizontal  system  with  stowage. 
3. — Vertical  system  with  stownge. 

1.  — The  greater  part  nf  the  thick  scums  near  the  centre  of  the  basin  (Combes. 
Lavayassci  etc.)  can  he  worked  in  (hi*  way.  The  Lavayosse  C"al  quarry,*  begun  hi 
lHtiO.  is  considered  as  the  type  of  this  system. 

2.  — ThU  method  also  is  employed  iti  working  the  thick  scams  in  the  centre  of  the 
basin.  A  level,  about  8  feet  square,  is  driven  in  the  middle  of  the  scam  in  a  direction 
at  right  angles  to  the  dip,  from  winch  juds  are  set  away  right  and  left  every  22  yards 
to  the  roof  and  floor  respectively.  A  horizontal  slice  of  coal  being  extracted,  the  goaf 
is  stow  ml,  and  a  new  level  driven  a*  before,  but  upon  the  stowage. 

A.  Thi>  >vstein  is  principally  iwd  on  the  east  side,  where  the  scams  are  thinner, 
much  faulted,  and  very  inflammable.  It  has  been  often  described,  ami  lias  not  been 
altered  for  the  last  twenty  years,  J.  IL  M. 


THK  HKSSKtiKS  COLLIERIES, 

Installation*  de  ta  Compagnie  HouUlcre  de  Be*x*qt>s.  Pur  M.  .T.-R.  M  ABLAUT. 
Bulletin  d*  la  Soriete  de  V Industrie  Minerals  W.  2.  Tom*  XI.  1*S2.  ftp, 
861-878  ;  hi  folding  Plates,  XX.-XXXIII 

The  author  gives  an  account  of  the  arrangements  more  especially  the  mechanical 
arrangements— at  these  mines.  The  plates,  however,  are  the  moM  interesting  part  of 
the  paper,  a  great  many  of  the  more  important  colliery  appliances  Wing  illustrated. 

J.  H.  M. 

'  Kor  ji  rloeripUnpf        Mutt,  «ee  "(Van*  d  ExplruUtHm  4es  Mints.'  psir  A   I  limit,  j»  1 1 


EXPERIMENTAL  NOTES  ON  THE  OTTO  OAS  ENGINE. 

Etude  Expert  men/ ale  d'ttne  Machine  a  Gaz%  dtt  *tfsth»e  Otto,  de  Coio&m*.  Pat 
Francois  BmoAQUA,  In^emeurt  etc.,  A  rEcofe  Eoftttc  de*  Ingenirurn  rt  Rome 
Scpvc  trmrcr*e?tc  4cm  Mines,  S4r.  2T  Tome.  X,  1881,  pp.  348-379. 

After  describing  tbc  means  by  which  the  testing  apparatus  was  accurately  gMf* 
and  proved,  the  actual  admission  and  work  of  the  gas  is  described,  inn  I  tlu  iliflWi 
velocities  due  to  the  inflammation  of  the  mixture  of  air  and  ga*  by  the  homer 
dinpram*  are  given,  and  from  them  calculations  made  of  useful  effect.     Ia  addition  1 
those  the  temperatures  are  quoted,  and  the  actual  result*  obtained  described  at  some 
length.    The  tables,  pp.  376  to  379,  are  well  worthy  of  study.    Summary :  — (r73 
indicated  horse- power,  0  lol  effective  horse  -power;  g  aa  a!one  coating-  3*60  francs  prr 
day  of  10  hours,  or  3^d.  per  hour  for  J  horse-power.  O.  P.  M. 


THE  CO  M  H  E  R  E  DON  I)  E  VENTILATOR. 

Note  *ur  fe  Ventilate*?  de  Comhcrcdondc.      Par  MM.  P.  Mine,  I>irectemr  de* 
Mine*  tie  Ccmqus  et  Cotnberedonde.      Bulletin  dc  la  Soeiiie  de  rinduttric 

Miniralc,  Mr.  2,  Tome  X,  1881T  pp.  109-145. 

The  paper  describes  the  it  tubal  ventilator  which  was  erected  at  Comberedonde  on 
the  basis  cif  the  calculations  of  M.  Murgtie.  The  following  rough  and  very  brie 
summary  will  only  serve  as  n  faint  outline  of  this  very  interesting  paper : — 

Output,  4<X)  to  500  tons  of  etial*  per  day  j  volume  of  air  reqnired,  50,000  cubic  feet 
per  minute;  estimated  water-gauge  (by  DevilleVs  theory)  for  above  volume,  3  inches 
nearly  (70  millimetres);  fan  erected  to  perform  this  duty,  Onilnvl,  of  30  feet  in 
diameter  by  6  feet  6  inches  wide,  with  duplicate  engines  each  20  inches  by  20  inches* 

This  fan  varies  considerably  from  the  G tribal  adopted  in  England,  and  ia  illustrate* 
by  several  drawings  appended. 

The  filers  were  tired  with  refuse  coal,  yielding  50  per  cent,  of  a-iboa,  abeolatelj 
worthless  for  sale,  and  the  lires  could  only  be  kept  up  by  connecting  the  flues  with  the 
main  drift  of  fan,  thus  dispensing  with  a  boiler  chimney. 

The  steam  jacketing  of  the  cylinders  and  variable  ex pansi on  gear  arc  fully  describee 
but  the  results  obtained  by  these  adjuncts  are  so  trivial  as  to  prevent  the  recommend* 
tion  of  similar  complications  in  other  cases. 

No  vibration  was  noticeable  on  the. main  shaft  owing  to  the  counter  hearings. 

The  cost  is  given  as 

Fraaoa 

li — Earthwork  and  excavations         ...       .„       ...  1,998*10 

2.  — Masonry— Fan  and  drifts   9,348*15 

Boilers  and  seating     ...  6,080*25 

 —  1M2S-40 

3.  — Machiues— Engines,  fan,  etc.    24.29G-55 

Steam  pi  pes.  etc.  405-65 

  24,702*20 

4.  —  Boilers,  pipes,  aud  shed     17,273*60 

Total    _  G9.402  SO 

8»y   £2,37*5 


ft  w  m 


ON  THK  COAL  AND  lilTl'MKN  DK  POSITS  OF  TRINIDAD* 


Etude  sur  les  O  iseittriifx  de  Charhon  et  de  Bit  time  de  la  Trinidad.    Par  M.  Cril  BXGB, 
IngenUur  des  Mines.    Annates  des  Mines,  Ser.  8,  Tome  ll.t  1882,  pp.  137-183. 

The  author,  after  describing  the  situation  and  geographical  configuration  of  the 
inland,  gives  details  of  the  population,  which  is  recruited  by  an  annua]  ImnmlatVil  of 
Coolies  who,  with  the  native  Indians,  furnish  a  steady  rind  useful  set  (if  workers.  It 
hat  increased  from  17,000  in  1797  to  125,000  at  tiie  present  day*  while  the  exports  and 
produce  have  augmented  in  a  still  larger  ratio.  The  topography  and  geology  are  then 
given  in  detail,  mid  the  tertiary  formations,  in  which  the  eoal  and  bitumen  are  found, 
are  enumerated  and  classified* 

The  combust  iUe  matters  of  commercial  importance  ore  ;  — 

1.— Coal, 

(a)  — Lignites  of  the  Kaxfern  Division. — These  are  found  at  an  angle  of  +5  degrees 
dip  to  the  north,  and  vary  in  muc  thirty  seams  from  a  few  inches  to  3  feet.  Specific 
i^Mvitv  I  '1  to  1  i.  Itrowni-h  ..r  reddish  ash  ll\  1"  ~\  per  cent.  Contain  pyrites  froni 
I  to  f>  per  cent.  Cnrh-ni  W)  to  50 per  Cent.  The  dlihVultj  c if  working  and  the  depth 
of  these  seams  have  hitherto  precluded  their  being1  worked. 

{to)—WUHamsritfa  Coal.— This  has  only  been  worked  for  a  small  sugar  refinery* 
and  is  of  no  importance, 

(c) — Fiparo  Coal.—  Discovered  about  two  years  since.  ThU  coal  U  good  and 
marketable,  being  nearly  equal  to  Newcastle  eoal,  and  containing  57  8  per  cent,  of 
carbon,  38  (1  per  rent.  of  volatile  matter,  and  3  6  per  cent,  of  ash, 

2. — BjTt+MK>'. 

(A) — Lac  de  la  Braie  —  ThU  is  distinguished  from  asphalte  (such  as  Val  de  Travcrs) 
by  its  deposition  in  rand*  or  other  tertiary  bed*  in  concentrated  masses,  which  the 
author  estimates  as  a  total  dc]M>t>it  of  Rome  3,000,000  tons. 

This  deju  sit  i>  leased  by  the  English  ( loverniuent  tmi  rionpany  on  a  term  having 
yet  forty  years  unexpired*  The  annual  output  is  11,000  tons  of  rough  and  5,000  tons 
of  prepared  bitumen,  the  price  of  the  former  being  20s.  and  the  latter  4Hs.  per  ton  f.o.b. 

(b)  — Guaracttro  (Glance-pitch), — Specific  gravity  T33.  Solid  and  hard  under 
ordinary  temperatures,  and  jet  black  with  couchoidal  fracture. 

The  following  table  give*  comparative  values: — 


Filed 
Carbon. 

VuttttUn 
Matter*, 

Ajh. 

Lae  de  la  Braie  ... 

•171  Hi 

Do.         from  plain 

IB 

2800 

3  t'OO 

Do.         fluid  from  centre  of  the  lake  , 

5 

62  00 

33  00 

Do.        purified  (refined) 

5 

r,s  DO 

37*00 

Guaracaro  (G lance -pitch)   

7 

83-60 

9*10 

a  r  m. 


Noie  s*r  une  Perforatrtoe  a  Rodttg*.  Par  Bgyi»b  Jakoluiek,  CanteUUr  S#p*ri*ur 
des  Mines,  rfr,y  <i  Vienne.  Rerue  U*ivtr*elte  des  Mintt,  S4r.  2t  Tome  XM  1881* 
pp<  60  91. 

The  principles  of  a  rotary  us  compared  with  ft  percussive  drill  have  been  described 
in  mo  m»nv  technical  works  thnt  the  author  confines  himself  to  the  general  result  ntf 
ordinary  percussive  baud  uueUhwH  ,i<  Ik -5m lt  ■  ■  s i I y  V4  per  cent,  of  useful  effort,  9b  &  per 
cent,  being:  lost  as  follows: — 


Pet  feu 

Replacing  hammer  in  position  for  striking 

  50*0 

Mean  of  inertia  and  rigidity  of  tool* 

21*8 

Wear  and  tear  of  tool  n   

  51 

Resistance  of  small  particles  in  hole 

17 

Defective  and  missed  stroke* 

17*0 

95-6 

Mechanical  percussive  borers,  either  steam  or  compressed  air  up  pear  a*  rntbrr 
inferior  even  to  these  in  their  results,  the  l»^t  * »ti1y  giving  10  jier  ceut.  on  the  machine 
and  jierhaps  as  little  us  t  per  cent,  nu  the  roek.  but  they  have  the  advantage  of  giving 
deeper  boles  of  larger  diameter. 

Rotary  borers*  or  "drills"  properly  so  called,  are  divided  into  two  clashes : — («) 
those  wearing1  out  (utant)  the  stone,  such  us  the  Diamond  machine* ;  and  (A)  tho** 
crushing  (e'erasanf)  the  rock,  or  reducing  it  into  small  fragment*,  thi*  class  being  again 
divideil  into  '*  mechanical  lerewtQff*1  and  *4  direct  hydraulic  pressure/' 

The  system  described  ut  length  in  the  paper  is  one  in  which  the  drilling  is  topple* 
men  ted  by  pushing  forward  the  tool  by  a  differential  screw,  and  the  author  suinmariaea 
the  ad  vantages  as  follows  : — 

L — Less  expenditure  of  power. 

2,—  Direct  advantage  easily  obtained  from  any  available  water  column,  nurh  a* 

rising  maim,  etc, 

:t.    Si  1 1 1  ]  1  i .  ■  i  i  y  in  construction  and  small  cost  in  repairs  and  maintenance, 
\—  increased  effect  by  greater  speed  of  chisel  and  diminished  travel  of 
differential  screw.  D,  P,  If. 


WENUER'S  COMPRESSED  AIR  BRAKE. 

Rapport  de  la   Commi**it)n  charge?  d'fxttmitier  It  /rein  a  air  comprint*1  d*  JfT 
H'encfrr.     J ttr  M»  VjCAtttK,  Inrftnirvr  en  Chrf  dm  AfineM.    Annatrt  dt*  ,Vmrft 

Mr.  St  IVnif  //„  1S82,  jp.  115-13:»,  Pl*l*  ///,  Fig*.  1-12, 

The  results  obtained  In-  tttiv  brake  sue  very  analogous  to  tho«e  afforded  in  this 
country  by  the  Woitinghoosc  and  South  brakes,  and  as  the  report  of  the  CounuUtloa 
appointed  to  examine  its  working  is  not  to  be  considered  as  conefasfat,  the  ■  object 
need  tint  be  detailed  in  this  abstract.  The  L'uuimijwion.  however,  is  favourably  dis- 
posed towards  it,  and  the  rapidity  of  action,  as  shown  in  the  accompanying  table*,  and 
the  simplicity  of  construction,  argue  well  for  a  further  account  of  the  syittM, 

1>.  P,  M 


ON  A  NEW  KAFETV-VALVK. 


JV'tj/f       war  aonpupe  de  surete  imaginie  par  ^L  Cmtrotu  de  L'tle.     Par  M,  Olry 
Ingenienr  ties  Nuns.    Annul?*  des  Mine*,  Sir.  K.  Tome  II.,  pp.  107-114, 

Plate  IIL,  Fig,  5. 

By  the  law  (decret  tin  23  Janvier,  lHfi'»)  every  boiler  in  France  ha*  to  be  provided 
with  a  safety-valve  rif  sufficient  iiiwi  to  allow  «f  the  escape  of  steam  under  the  regis- 
tered pressure,  whatever  might  be  the  intensity  of  the  firing. 

The  author,  after  calculating  Mm-  ai'h'^l  r- >ui  utY -rde-l  l>v  t 1  v s - 1 j s i ^7  sytotus,  shows 
the  small  am  mi  tar  lift  of  the  valve  i*  insufficient,  and  htn  actually  often  tlie  effect  of 
diminishing  the  pressure  at  the  valve,  and  thus  closing  instead  nf  opening  it. 

The  new  euacti  t  (3'nh  April,  IHHj  ))  provides  that  when  a  safety -valve  is  raised 

it  shall  at  once  discharge  all  the  steam  which  the  tiring  capable  of  producing.  Thi§ 
led  to  the  idea  of  introducing  automatic  or  artificial  raising  <  f  the  valve  in  order 
to  effect  tliis  esca]*1  of  *tcam  without  dianrii>liiiip  t hi-  workiue;  pressure  of  the  lvoiler. 
Several  inventions  were  in  consequence  introduced,  amongst  which  that  of  Adams, 
•  •f  Manchester,  is  cited,  and  then  u  full  description  of  the  Cndroti  valve  U  given 
(I'late  1 1 1 .+  Fig.  5),  result*  of  experiments  showing  that  the  valve  by  its  automatic 
action  reduced  the  pressure  from  a  point  to  which  it  wna  artitieally  raised  to  its 
authorised  pressure,  keeping  the  boiler  constantly  at  the  normal  figure  whatever  might 
be  the  excess  of  firing.  D.  P.  M. 


A  KKW  METHOD  OF  MEASURING  THE  DEPTHS  OF  WORKING  SHAFTS. 

Kin  neves  Verfahren  znr  Mrtmug  ro»  Kchaehltiefen     By  IlERR  GhAFE.    Berg- und 
RHethHrntrnmschc  Zeituug.  Vol.  XLU ,  1*83,^  4,  Ffate  L 

The  plan  is  simple,  and  consists  in  measuring  the  shaft  by  means  of  a  steel  measur- 
ing tape  of  ■  sufficient  weight  to  keep  it  stretched  when  in  use.  Two  men  stand  on 
the  cage  cover,  while  a  third  sits  in  a  scat  fastened  to  the  rope  about  10  metres  above 
the  cage.  The  tape  is  LU  metres*  in  length.  The  cage  starts  from  a  mark  at  bank,  and 
U  Uovrred  until  tlie  man  on  the  seat  conies  opposite  the  mark,  against  which  he  puts 
the  tape,  whilst  the  man  oti  the  cage  marks  the  other  end,  the  second  man  on  the  cage 
being  employed  to  signal  to  the  engine-man.  This  goes  on  until  the  whole  depth  is 
traversed. 

As  to  its  accuracy  the  following  examples  testify  : — 
LeopohUhall  shaft  measured  in  six  hours  three  times — 

Depth  la  Motrer 

Firsttime   ...    334  757 

Second  time     ...       ...  ...       ***       -*<■  33-1758 

Third  time      ...   334758 

Von  tier  lleydt  Shaft,  with  seven  landing  depths,  taken  four  times  in  six  hours— 

Depth  In  Metre*. 

First  time    353715 

♦Second  time  ...       ...  353  713 

Third  time    353717 

Fourth  Hme   363714 

ft  Z.  & 
t 
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FKErDENBKWJ'S  SMOKE  CONDENSER  KOK  LEAD  AND  SILVElt 


Frcuttenberptt  Rauchrttndrniatianavorrichtunffe*  zur  Em**r  Blei-  uad  Silherhitt 
Berg-  und  IltirttvKtHannisehe  Zcitu*#,  Vol  XL1L<  1883,  p.  67,  Plait  IX*, 

The  amount  of  soot  won  hi  a  condenser  U  proportional  to  the  surface  of  the  con- 
denser over  or  through  which  the  smoke  jiasscs*  It  is  therefore  of  inii«»rtatice  to 
increase  the  Kite  area  as  much  as  possible,  euro  being  taken  at  the  same  time  not  to 
obstruct  the  draught  to  an  object ioiiuble  extent.  Freudenberg'a  condenser  consists  in 
bunging  thin  irun  plntes  in  the  flue  edgeways  to  the  current!  io  as  not  to  hinder  lUe 
draught  inuch,  and  so  obtain  in  a  1  metre  length  of  line,  having  a  nibbing  surface  of 
8*22  square  metres,  a  surface  eight  times  as  great,  Wing  equal  to  G5  square  metres. 
During  the  years  1874-76*  8 139  kilogrammes  of  lead  were  obtained  per  LQOO  kilo* 
grammes  of  ore  treated  in  a  line  whose  surface  was  2, 385"  47  square  metres;  during  the 
years  1880-81,  with  an  increased  surface  of  flue  by  the  Freudenberg  armngriiient, 
amounting  in  all  to  23,79112  square  metres,  84" 80  kilogrammes  of  lead  dust  were 
obtaiued.  At  the  Emser  Smelling  Works  the  condenser  has  been  made  on  a  large 
«enU\  The  total  length  of  the  Hue  is  2,271" metres;  greatest  area,  4'512  square 
metres;  height  of  chimney.  15  metres,  <-l'  uhkh  the  l-uer  ilimui'tiT  in-iih'  N  2  17 
metres,  upper  1'80  metres;  inner  surface  of  flues  lH.OGO'Ol  square  metres;  surface 
area  of  iron  sheets  hung  op  to  October  1st,  1881,  ll,4l6'2o  square  metres;  area  of 
sheets  hung  sincet  13,055  35  square  metres ;  total  surface  iu  rubbing  area,  42,&3l  "61 
square  metres;  average  cost  of  1  square  metre  surface  of  built  flue*  1171k.;  cost  of 
1  square  metre  of  bung  sheets,  07 Is.;  cost  of  the  whole  condenser*  £13,(163.  Id 
seven  periods  of  200  duy  tin.-  ^"t  ami  muled  to  H32.731  kilogrammes,  of  which  66"!J 
per  cent,  was  lend  (including  silver),  valued  at  £4,429  :  therefore,  hi  360  days,  the 
figures  would  be  1,107,27ft  kilogrammes,  equal  in  value  to  £7.751. 

The  great  saving  of  tines  with  iron  sheets  over  brick  flues  invisible  from  the  fol- 
owing  figures:  -The  sheets  now  huujsr  eost  1000;  the  name  surf  nee  nrea  in  brick  flues 
wonld  have  cost  almost  nix  teen  times  as  much,  or  £14,328,  a  taving  of  £13,113. 


MINING.  SMKLT1XU.  AND  SALT  PRODUCTION  OF  BAVAMA 
IN  THE  YEAR  1881, 

Btrgwfrfr*,*  Htitten-  vntt  Sattnenlctritb  Bap  emit  im  J  ah  re  188L    Wotkemehrijt  <fc# 

Vereim  Dtntiehtr  ln$en\*uri%  1883T  pt  18. 


SMELT  I  NO  WORKS. 


a  3L  H* 


1* — Mink  rat. s  and  Ores, 


Mttrto  Tons* 
49*287-300 
lb\B24*000 
75,580700 
7136931 
2850 


Y*tn* 
£  ad, 
£15.216  16  0 
8,186   2  0 
18,038  Id  0 
4.016   8  0 


11  715 

70000 

8*50000 


07  U  0 

185    *  0 

14   0  0 

fi&2   8  0 

1,090  1ft  0 


J  metric  Imi     ulW  Kn<ll*b  U*n» 


2.— Other  Mjnku  alh, 

0  Value, 


Metric  Tons. 

£ 

8k 

Graphite  

l,661'300 

6,788  12 

o 

Coloured  earth 

3,740-000 

6.101 

5 

0 

Porcelain  clay 

11,023*000 

6,640 

6 

0 

Fireclay  >>. 

59tuti7oo 

26,488 

1 

0 

Steatite   

652-00O 

1,753  18 

o 

Mil  or  spar 

1,166-000 

HI 

3 

0 

Heavy  barytes 

M77O0O 

591 

12 

e 

Kelsjair   

426003 

213 

o 

0 

Platen 

1,093'QGO 

1,378  13 

M 

Cement  murl 

M08 

8 

0 

Emery 

71HKXJ 

139 

6 

0 

Gypsum   

45.228-918 

5,028 

6 

0 

Limestone.,* 

120.931 '300 

5,687 

I 

0 

Sandstones.  

12,295  180 

2,018 

6 

0 

Grinds  to  lies 

1HU950 

tpm  15 

Basalt   

70,868000 

16,905 

7 

0 

tiramte 

142P091CMX) 

73,554  IB 

o 

Melapliyre 

69.1 32'00O 

18,700 

4 

0 

Finest  urn's 

32.881 1)01 » 

26,427 

18 

<> 

Lithograph  stones 

7,925*000 

55,475 

0 

0 

Quart/  sand 

31330*000 

o\u;:i 

0 

0 

Wash  gold 

16 

6 

0 

3^  Salt 

Hock  salt 

08,050 

9 

0 

4. — Bnnwn  Wohks. 

Rg  iron 

37,297*832   

96,007 

0 

0 

Castings  from  ores 

1,8*7771 

16,210 

6 

11 

Do.         |iiLr  inm 

28,928  224 

285,012 

5 

0 

linr  iron 

6I.8U0GO   

451,21)8 

6 

0 

Plate  iron 

3,651688   

41,711 

9 

0 

Wire   

3.35&370   

28,994 

6 

0 

Steel   

2412600 

15,912 

7 

0 

Vitriol   

177-800 

M8Q 

1 

l> 

A  In  in 

544  055   

4,225 

6 

o 

Aluminium  sulphate 

3,91  HITS 

21,850 

O 

Q 

Sulphate** 

1,611-615 

6.200 

0 

i 

At  the  71  mines  working  the  minerals  and  ore*  under  (1)  there  were  3,851  persons 
employed,  of  which  3,035  were  employ  ed  in  oml  mining  At  the  >ix  salt  works,  304 
persons  were  employed,  and  at  the  smeUiu^  work*  -L859  pei'Miiifl.  together  9,014 
peVhuii.H.    The  number  of  employed  under  (2)  is  not  ^iven,  G  B. 


no 


NEW  GERMAN  PETROL KCM  WELLS. 

JVVtto  Pet rohttmbohru ntf cn  in  Dtnttchtand.    By  Ult.  Kot,L3IANN.     WockeHSckrtft  d** 

Vtreinei  DeHtAcher  Intjemeure,  1 S83,  pp.  20t  21* 

The  author  asserts  that  with  a  large  capital  the  petroleum  industry  of  Ocniutit 
would  become  very  important.    The  different  qualities  of  the  ihWuim  oil  ami  til* 
Bavarian  are  gone  into.    With  regard  to  the  Tegernsee  jxjtroleum  in  Bavaria,  it  wm* 
discovered  so  fur  hack  as  14'pO,  the  well  f nun  which  it  Mowed  was  supposed  to  to 
holy  and  its  water  useful  as  a  healing  agent,  and  n  chapel  exist*  close  to  the  spot.  All  about 
the  in  i  j  1  i  1 1  ■  1 1 1 1  od  the  oil  exist*  at  an  inconsiderable  depth,  and  is  now  bring  worked. 
As  the  quantity  U  unknown,  the  only  thing  that  remain*  to  speak  of  is  it*  quality. 
The  Oelheim  raw  oil  from  small  depths  ha-  a  *[H-citic  gravity  of  0850,  which  only 
gives  18  per  rent,  of  lighting  oil.    The  Tegernsee  oil  from  a  shallow  depth  luu»  * 
specific  gravity  of  tvMl,  which  burns  at  once,  when  touched  with  a  light.,  with  a  Wig 
flame  with  little  residue.     The  oil  is  of  a  brown  colour,  with  u  green  shimmer  or 
lustre,  i4i k«i  lias  it  strong  odour  owing  to  volatile  constituents'.     L*ulike  the  Oelheim 
oil,  it  leaves  a  short  thread  hehiud  when  j>asm«d  through  the  Hiij/i*r^„    The  oil  hoi  In  at 
a  temperature  of  \2t*°  V.  (258",HJ  K.).  but  the  boiling  point  dor*  not  remain  the  oaine, 
but  rises  gradually.    When  the  temperature  reaches  IWZ  l\,  \  i  per  cent,  of  the  oil 
distils  as  a  clear  colourless  tin  id  of  a  specific  gravity  of  G'731,  which  is  easily  ignited. 
This  is  naphtha,  au  exceedingly  valuable  product.    At  a  temperature  of  1120°  C.  SQ  per 
cent*  of  the  oi!  distils  over  as  a  weak  yellow  tlnid  of  a  sjiecifie  gravity  of  O  786,  which 
is  nut  easily  ignited,  and  which  can  he  used  for  burning.    With  a  higher  temperature 
16  per  cent,  of  the  oil  become*  a  thick  reddish  yellow  grease  oil  of  a  specific  gravity  of 
0  834,  and  then  25  per  cent,  of  a  ]mrafiiu  containing  oil*  which  solidinc*  in  the  cold, 
and  fnan  which  grease  and  paraffin  can  easily  be  procured-    The  Tegemwc  nil,  tbe*< 
fore,  contains  n>  much  naphtha  and  paratfin  as  the  lVmmylvuuian  otL    From  appearance 
it  seems  that,  with  a  different  method  of  distillation,  more  than  30  per  cent,  of  lighting 
oil  could  he  obtained.    It  U  more  easily  distilled  than  the  Oclhcitn  oil  and  i*  therefore 
to  be  preferred.    The  present  winning  consists  of  a  shaft  20  yards  deep,  in  which  the 
oil  swims  in  water,  which  is  sweet,  while  in  Oelheim  the  water  ♦#  salt,    A  groat  deal  of 
gas  cutiHH  1 ,u ->. logically  it  is  of  interest  to  xtnte  that  the  oil  csUt*  about  WO 
metres  above  the  level  *<f  the  lake  Tegeru.  and  8-10  metre*  above  the  level  «f  the 
Tlie  strata  from  which  the  oil  runs  liei  als-ov  tin1  chalk  greeuMuid,  and  consut*  of 
marl  and  sandstone.    GtimM  and  V,  Dcekcn  suppose,  however,  that  the  oil  come* 
fmui  greater  depth*  from  the  nuntmulitic  format  urn,  C*  7*.  H, 


V I B I fcTlONfi  0  r  Wl  B  A  I  A  I N  M 1 N  Ks, 

Vebfif  Gr*trin*vhtrit)(jtiittje,t   in  tlrr   41ruhr.     Ify  HfcUH*  Vu    SrllKLL,  Zr*iecAn/f 
f dr  da*  Brrt}~t  HiiffeH-  t*m?  SttftMrfl- Wrjfu  *m  Prtttwiiachen  Stiiait,  J'ol  XXXI. 

B.pp.  Sl  38,  Text  Plate, 

The  author  refer*  to  hW  |taj>cr  njmu  this  ttthjecl  in  Vol,  XX  VI!  I.  H,  page  34(K 
of  the  above-named  periodical.  Then,  having  ftointed  out  that  olwervation*  hitherto 
recorded  have  been  upon  wumd  earned  through  strata  In  u  horizontal  direction,  and 
having  given  evample*.  he  meld  ion*,  a  c.n*e  of  Miimd  having  Uvli  eorriwl  Vertically  Iftt 
melres  (179  yards)  at  (Jrund.  Here  I  be  noise  made  by  tin*  •.tami*  at  the  Hutfiynttc* 
Shaft  wax  heJird  in  ii  drift  l«-h.w.  The  drift  was  not  situated  vertically  below  the 
stamps,  mid  the  total  distance  therefore  « n*  Ttit)ier  nmiv  than  HVt  nii'tre*.  via*.  174 
met**  (lyu  yattU).  t*.  Z  It 
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THE  MIXEUAJ,  AND  SMELTING  WORKS  PRODUCTION  Of  THE  GERMAN 
EM  PI  UK  DURING  THE  YEAH  1881. 


Production  tlet"  Bergtrerkr,  'sithtrn  unit  l!  tiff  en  im  Deutsche*  RcU-he  uttd  in  Luxem* 
bttrr/  J 'ii r  da*  Jahr  188L     Qluvkauf,  No.  1,  1883. 


Coal 

Production  in 
Metric  Tons 
(2,201  11m.) 
18  tiHS  101 

Perei-ntuge 
of  Incre»iu! 
onlSSO. 
3'7 

Pl.<TX¥tll4«e 

on  1S80. 

1  .1  [CTIltt* 

JJljflilHT                .                  .  „  t             iii  ... 

12,852.32  V 

5  8 

I  I  ]"■  i  T  il  1  i  f  ■  ■ 

r  1  i  I  |  '  1  1  .  '  *                 ...                   ...  ... 

1,511 

4*2 

A s| >\\  a  1  r  till] 

42,330 

15*5 

E  Vil"?1!  l1  &  i>i  tin 

1   1   S  1  '  '  1  1    1  1  1  M                                                          ,  .  , 

4,  I 08 

213'8 

ttoek  suit   «. 

31 1 .  W7 

I4"fi 

Kuinite 

10*0,538 

Other  jKitasli  suilts 

7 15  353 

III 

1  1  i  1 1 1  1  ifi' 

1  1  IM  1     Itk  l_                         ...                        .p|                       jM                      *  «  , 

7  573  77 2 

|0 

Xine  ore         -  ■ 

659,531 

4*2 

I  .  i>-ilJl    (  tt'JJ 

i'l *»U  UILH                             •  -             ■  .  ■ 

101,771 

3*2 

{  *  i  1 T 1 1  u  1 1"   ■  i  Y  i  ► 

523,097 

8D 

Silwr  j ■  i j v  1  iTu!*!  uiv 

26,787 

30*2 

lf»4 

18*0 

.'LilM  JJTilJ  It1  Si'  <  'I'l* 

13  ft  42 

I  1  7 

j-  *  /        . , 

I  foil  pyrites  -»•       >■•       •••  <■• 

1  flft  MS 

11*4 

^fe.llP-     I'h'.'lfcl    U.kll4"     t-trfU'L  ~ 

~il.ll    [1  lull  i|Ht    *l  HI  K*                   .  ..              .  .  i 

Chloride  of  |  W  *t-»^"*l  I      ...            ...  ... 

1  J.»>,  l  "V*           i  <  » 

3.V3 

(  liloride  nt  nuiffnesiiun       . ..  ..4 

11*07<  * 

1*1 

'            5"  Milt               ..■         ...  ,»« 

19,062 

5'3 

Si]  1  1  llllltt*  1  if    |H  if  Jl        1  1 111] 

13,280 

25'3 

"X  1  I  1  1  i  '  .  - 1  t  ■  .   lit    1  ►  i  1  h  i  r  1  -i  ■      ■  i  M  1  h 

1  LI  JISUll  I"  111    IMJlJJIM'^mOl            ...  ... 

20  l 

Sulphate  f,l  alunnmi           ...  ..♦ 

1 1  M*17 

•  —       4  M 

<V1 

Almii 

5  0*>S 

7fj 

I  ijr  irou       ...       > ••       ■  ■* 

Mil    |    J  N  |>  < 

M 

ZlIK'               ,mi         ■■•         ■  ■♦         ■  »* 

lA'HU  \  IMiiCK  i€A(l  J 

Mil  T'>C| 

1  .1  f  1 1 K  I'lSf  < 

JjlLllulK1*-                                                                     -  -  - 

1.51  1 

loi 

Copper 

7t» 

Silver 

160.990  kg. ... 

0-5 

Gold   

381  p 

177 

Niekel 

1B5  tons 

6*9 

Tin 

m  »  t? 

10 

Hisumth 

56 

2P7 

Arseiiie 

1.237 

9"4 

Pig  iron  fot  foundry  use  .. 

216,971 

10  8 

Pi^r  iron  for  input  iron 

886,750 

21-2 

Pig:  iron  for  wrought  iron  and  *teel 

1,72^.902 

02 

1  ":ist insjs  (first  melting) 

01 

Scrap  iron 

i^m 

1-5 

Cast  iron  {soL'*nnl  ineltinp) 

o«iOr222 

Worked  iron  ( wrought  iron  uud  steel) 

1,121,792 

47 

Ingot  iron,  including  crucible  steel 

807.425 

359 

Tlit  above  table  in  the  original  give>  bi?^idcs  the  total  and  tonnage  value.  Other 
tables  fhmv  thr  |>r- hIhc! i<<n  sulxli vide<1  into  Mk-  dilTeivnt  States  iMninn.^nfr  the  German 
Empire,  ^oh.fr  Uiek  sis  far  as  1872.  t  \  Z.  B, 
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THE  PRODUCTION  OF  LEAD  IN  1881. 
lileiproduction  der  Welt  itn  J  ah  re  1881.   OesterreichUche  Zeittchrift  fur  JSerg- 
Huttenweten,  Vol.  XXXI^  p.  57. 


Metric  Tons. 

Spain  

  about 

120,000 

Germany 

90,000 

Great  Britain 

i » 

67,000 

France   

»t 

15,000 

Italy  

10,000 

Greece   

...  ,, 

9,000 

Belgium 

...           ...  „ 

8,000 

Austria 

6,000 

Russia 

J? 

1,500 

Europe 

326,500 

The  United  States  produces  110,000  tons. 

As  the  production  of  Mexico,  South  America,  Canada,  Australia,  etc.,  is  compi 
tively  small,  the  world's  production  can  be  safely  estimated  at  450,000  tons  of  lc 
China  and  Japan  arc  not  taken  into  account,  owing  to  want  of  trustworthy  informati 

C.  Z.  B. 


MUESELER  SAFETY- LAMP  WITH  AN  ELECTRICAL  BELL. 

Mtieseler's  Sicherheitslampe  mil  elektrischem  Lautewerk.    Berg-  und  Huettrnma* 
nische  Zeitung,  Part  7.  1883,  p.  68,  Plate  II.,  Figs.  15-17. 

Lamps  have  already  been  made  to  detect  $  per  cent,  of  fire-damp  in  the  air,  vi 
that  of  Mallard  and  Le  Chatelier.  Cosset- Dubrullc's  indicator,  and  the  lamp  of  Pieh 
in  which  a  spirit  Maine  is  used.  Soinzee  has  made  lamps  in  Paris  so  constructed  that 
rise  of  te»nj)eratiire  in  the  lamp  affect-s  by  unequal  expansion  two  metals,  so  arrangp 
that  when  heated  they  close  an  electrical  circuit  and  ring  a  bell.  The  expansi 
pieces  are  made  like  roils,  spirals,  or  oval  tubes,  made  of  steel  (co-efficient  of  expansic 
=  0  00001079)  and  zinc  (co-efficient  of  expansion  =  0*00000331)  which  are  solder* 
together  with  tin. 

lb  the  Miieseler  lamp  the  arrangement  is  fixed  between  the  outer  gauze  and  tl 
chimney,  and  insulated  from  the  chimney  by  means  of  a  wire  or  glass  cylinder  next  t 
the  chimney.  The  bell  arrangement  with  the  galvanic  element  is  fixed  in  the  bottoi 
of  the  lamp.  The  outer  gauze  prevents  the  firing  of  gas  by  the  spark  resulting  froi 
contact  of  the  arrangement,  and  the  metal  spiral,  rod.  or  oval  tube  is  so  fixed  1: 
experiment  that  when  contact  occurs  and  the  bell  rings  the  percentage  of  gas  in  tl 
air  is  known.  All  the  contact  surfaces  are  platinized,  yet  frequent  cleaning  is  necessai 
to  keep  them  in  good  order.  C.  Z.  B. 


THE  V  K  XT  I L  ATI  i  )X  OF  THH  ST.  UHHS  Tl'XXEL.  NORTH  AMKItK'A. 


Dt>  Ventilation  des  Tunnels  bei  St.  Low's,  Xordameriia.    Tl'ochenxrhrift  dex 
Vereines  Ifeutscher  Itif/enienre,  1883,  jp*  27. 

The  tunnel  in  its  course  has  a  right  angle  bend,  fcl  l.t>-7  metres  (1,770  yards)  long* 
and  has  inequalities,  of  Wei  amounting  to  from  1  in  3<X)  to  I  in  1"75,  with  a  radius  of 
152  metres.  On  account,  of  these  condition*  the  172  t  mil  is  which  |wtss  h  day  must  go 
through  with  full  steam,  causing  heavy  firing  (eoal)  ami  il  great  dial  nf  smoke  which 
tin*  four  ventilating  shafts  cannot  disperse.  Coke  has  been  tried,  hut  with  no  success. 
Now  a  ventilator  has  been  constructed  on  the  Fourneyrou  turbine  type,  winch  is 
metres  (I  I  ;  feet)  in  diameter  and  2  75  metres  (S'Nfi  foot)  wide,  with  M2  arm1*  inclined 
O  'W  metre  (\'.\  font)  from  the  radius.  This  ventilator  drive?*  the  air  from  one  of  the 
shafts.  It  is  of  steel,  ami  makes  111*  revolution*  per  minute,  mpiiriug  ot>  horse-power 
to  drive  it,  This  speed  clear*  the  tunnel  from  smoke  in  from  3  J  U»  4  J  minutes  after  a 
train  pusses.  Hcmrding  t"  the  direction  of  liie  train,  for  llie  vcnlihtnr  U  not  in  the 
middle,  but  at  one  end  uf  the  tunnel  (\  Z,  B, 


[JESCItlPTIOX  OF  A  NEW  UltlgrETTK  M  A  .XT  FACTO  It  Y  AT  THK 
CAROLINE  COLLI  Eft  V,  WESTPHALIA, 

Besvhreihung  iter  nrtten  Briquette- A  nlage  auf  der  Zeche  Caroline  hei  Hojzwirkede 
(Wesfphafen).  By  M,  Wahluebg.  Oestcrreichfsche  Zeitsckrifl  fiir  Berg*  nnd 
mttenwetett,  J'oL  XJTX/.,  pp.  fii-62.  Plate  II L 

In  France  the  manufacture  nf  briojiclto*  is  most  extensive,  nnd  the  system  adopted 
is  principally  that  of  Bietrix  A.  Co.,  i^t.  Eticnne,  Lately  Couftinhal,  uf  ,St.  Etienne,  has 
introduced  a  new  method  which  lnw  t>een  adopted  by  six  eollieriea  in  Westphalia* 

The  eoal  to  he  used  is  put  into  a  hopper,  into  which  eoal  tar  is  fed.    The  mixture  is 

hi  uHil  by  a  Jacob's  ladder  to  n  disintegrator,  where  it     intimately  mixed,     A  second 

Jacob's  ladder  raises  it  to  a  heating  furnace,  which  consists  of  a  slowly  revolving  round 
iron  table,  upon  the  centre  of  which  the  mixture  falls,  and  is  gradually  carried  towards 
the  circumference,  it  is  there  caught  by  an  I'ndh'—  «i  rew  and  taken  \>>  lite  pros  mill. 
This  mill  subjects  the  mixture  from  two  sides  to  a  pressure  of  ISO  atmospheres,  and  it 
is  tlu  n  forced  out  in  the  suajjc  of  a  brick.  The  whole  process  is  simple,  and  the  double 
pressure  in  the  mill  unlike  the  other  systems.  According  to  the  weight  nf  the  brick 
made  3,  5,  and  10  kilogramme  respectively  (6"fi.  U  0,  22  0  lbs.),  50,  *v  and  l">Utous 
res;  J  actively  of  bricks  ran  he  made  in  lo  houvs. 
The  cost  is  as  follows : — 

1.  — One  briquette  machine  with  rotary  furnace,  lad- 

ders, and  everything  complete,  with  engine  1P  7 
in,  cylinder,  31*5  in.  stroke,  with  expansion 
regulator    £2,600 

2.  —  Building,  foundations,  materials,  etc,  ...  1*150 

Iron  chimney  uud  leather  driving-  licit      ...  150 

  *i00 

3.  — Boiler  and  steam  pipes   ,  450 

Ground   250 

Other  charges    100 

Miscellaneous   ...  100 

  900 


£4,000 


♦  14 


The  cost  of  labour  fur  torn  year  uf  3i>0  days,  frith  one  daily  It'  hour*  »hift,  male* 


21,fKK)  tons  it  year,  is — 

One  foreman,  300  day*  at  3*.  £43  0 

2.  — One  stoker  and  cnginemau,  at  2s*  6dL  37  10 

3.  — One  furn&ceman,  at  2s.  ftl.         „,  37  10 

4.  — Two  me 1 1  to  serve  the  disintegrators,  at  2s<  60  0 

5.  — Four  boys  to  load  the  brick*,  at  In.        ...  .                <*0  O 


£240  Q 

The  amount  *  if  fuel  used  amounts  t  2}  )*<r  cent,  of  the  production  of  bru|tictl«a 
(about  2  tutis  per  day)  including  btuler  fuel,  and  for  this  purpose  spoilt  brK|tietU*  are 
used. 

The  OOjt  of  working  for  one  year  with  a  production  of  24,000  tons  is-- 


1.  -5  per  cent,  interest  on  capital,  £4,000   -»  £200 

2— 10  per  cent.  Amortisation  on  £4,000    ~  400 

3.  — Wages                                      ...         ,       (4i       Iri  240 

4.  — Office  and  sale  ex  pen  ws        ...        ,it       kt4       ...        ..  100 

5.  -  Fuel  for  boiler  nud  furnace,  2  tons  at  5s.  fur  300  day*     ...  160 

6.  — Stores  and  repair*  ,..  ,.,  75 
7—  22.A40  tons  of  small  eo»lT  at  present  price  of  4*.  per  300 

days    4,528 

8.— Coal  tar,  5  \wr  cent,  of  the  coal  used  -  l,3fi0  ton*  nt  2 Is.  1,682 


£7.»26 

The  production  is  riptul  to  22.01O  ton*  of  eonl  and  1,3'^  tons  <>1  cml  tm,  m.  1 
allowing  2  per  cent,  for  loan,  is  eijnnl  to  23. 20  ton s  of  pntmt  t io  L.  noting  tViV*  • 
6*2s.  [xt  ton.  deducting  the  small  coal  used  nt  4*.  per  ton  the  c<nt  of  making  patent 
fuel,  exclusive  of  the  eonl  comes  to  2*2*.  jwr  ton. 

Since  this  has  been  written  the  production  Las  been  iucreaMed  beyond  the  figure 
here  given.  C\  Z.  B. 


THE  PRUSSIAN  ROYAL  FIRE-DAMP  COMMISSION. 

CommhitioH    2ur    Unttrtnekunff    ttnd  Pr&f**g  von    $ickerheit*m<Ht**re$et*  ff+$t+ 
wklagewie  Wetter*    ZriUvkrift  fkr  da*  Berg-,  BtttttH-  Mini  Sahm*+-  Wt**m  %m 

yVr«MTjcAra  Stttale,  To/.  A'A'AV.  J,  pp.  10,  20, 

Meeting  on  the  30lh  X.neiiiU-i\  1  ^sj  t.lWIin  Mining  Academy);  Dr.  Serto  in  th* 
chui r :  twenty  three  iii»'tnWi>  present.  Local  reports  from  Hrcslan,  Halle,  and  Clmm- 
thai  were  considered*  and  further  experiments  ordered  at  Mane  more  important  initio*. 
The  analyses  being  made  ut  llochuui  of  jjn*  and  air,  were  further  considered.  A  pro- 
posal to  scud  a  Fire-damp  Coimni*«iou  abmud  was  uetratived* 

Meeting  on  the  l*t  December,  1*82  (Berlin  Mining  Academy}.  Jt  was  ognvd  thai 
nil  the  special  report*  should  be  published  as  they  ap|tenml  in  the  M  Zeitseltrift  fur  do* 
JJerg-,  Hlitteu-  uud  Snliiieii*\VWn  ini  Prcussiscbeu  SlaaUs"  while  the  r« mailt  lag  work 
should  remain  a*  yet  private.  The  report  on  explosions  of  It rr  damp  during  the  roars 
18tJl-81  was  gone  into,  nud  it  una  decided  that  the  statistics  should  be  carried  no  now 
from  year  to  year  in  the  general  funn  adopted. 

Meeting  on  the  2nd  Dccrnihcr,  1W*2  (IWUn  Mining  Academy).  A  Hafotj-tMBp 
and  a  Ventilator  Sub- Commission  were  appointed,  enrh  consisting  of  foor  member*, 

CL&K 
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ROPE  AND  CHAIN  HAULAGE  AT  THE  RUYAL  COAL  MINE  VON  DEK 
HEYDT,  NEAR  8AARBRUCKEN. 
Die  Seil-  und  Ket ten/order HHfl&anlagen  der  Koniglichen  Stein  kohl r ittf rube  Vou  der 
Htydt  bei  Sanrfij-tirken.    Btf    Hkunn  VoLLERT.     Zeituchrijt  fur  dan  Bertf*, 
lint  fen-    and   Salt  nrn-  Wear  ft   hn    J'rru.ixiirheft  Stoate,   Vol.  XXX.    By  pp. 
299-318,  Plate  XIV.,  and  Text  Plate. 

This  colliery  was  the  first  oil  tlic  Continent  which  introduced  tail*ro]w  haulage, 
viz.,  in  18A2, 

There  are  four  haulage  planes  now.  The  tirst  is  a  tail-rope  haulage  on  the  surface; 
second*  underground  tail-rope  haulage  ;  and  third  and  fourth,  endless  chain  r«»uh  mi 
the  surface,  the  details  of  which  ate  pi  veil  in  the  paper. 

Dynamometer  experiments  were  made  on  No.  1  haulage,  at  nine  different 
equidistant  points  1>oth  on  the  full  and  empty  road.  This  plane  i*  1 .7(1*1  metres  (lf815 
yards  long,  the  chain,  of  best  wrought  iron.  20  millimetres  ('787  inch)  diameter, 
and  weighs  8  58  kilogrammes  per  metre  (17i  lbs.  per  yard).  It  has  been  in  use 
eight  yearn,  and  will  probably  last  other  live.  The  tension  at  the  heaviest  point 
— that  is,  at  the  end  where  the  full  tubs,  came  i r was  M,7J7  n  lbs.,  und  il  dee- reused 
along  the  full  road  to  J,  125' I  lbs.  at  the  turning  point.  At  the  commencement  of  the 
empty  mad  it  was  ].;J22'8  lbs,,  and  increased  to,  when  the  empty  tub*  arrived  at  the 
end  of  their  journey.  2,204' 6  lbs.  At  the  time  of  the  experiment  the  velocity  was 
I  metre  ]>er  second  (328  feet  |Vr"  second),  mid  the  calculated  horsepower  ITj.  The 
indicated  horse-power  of  the  engine  was  YJ  when  seventy  full  tubs  at  16  7  ewts., 
and  sixty-seven  empty  one-  at  (J  i>  cwts.,  were  travelling  with  a  velocity  of  L'17  metre 
per  second. 

Table  I.  shows  idl  the  dimensions  of  everything  connected  with  the  four  engine 
planes.    Then  follow  tables  of  work  done,  cost  of  maintenance,  labour,  and  capital  for 

]4M~t  cwt* 

the  yearn  1875-80.     From  oue  of  the  table*  the  coat  per  '  .  including 

*  '      100  metres 

cm  I  of  labour,  maintenance,  materials,  exclusive  of  interest,  of  capital  und  deprecia- 
tion, was  during  the  years  1875-80  equal  to  0284d.  for  No.  1  plane,  0  312d.  for 
No.  2,  0  Hod.  for  No.  3,  and  U  243d.  for  No.  4. 

Takiug  into  account  the  great  wear  and  tear  of  the  ropes,  together  with  the  greater 
sjwed  by  rojK'  haulage,  chain  li  iuhiv  is  clu-aper  and  to  be  preferred.  The  disadvan- 
tages of  chain  haulage  are,  however,  that  curves  require  to  he  struck  with  a  short 
radius,  und  they  (the  curves)  must  be  separated  by  straight  roads,  and  the  system 
requires  a  double  way.  C.  Z.  B. 

S  EL  F-  ACTING  liUFE  FAST  EX  Kit  F<  >R  WINDING. 

Sethstttrirkende  Set/faitgrorrichtuna  fur  Fordertrinrtchtuwjen.   By  W.  LAtTK.  Beeg- 
und  IIuettftnrncHtiisehe  Zeituno,  1S£$3,;>.  tii>,  Plate  //.,  Fig.  21. 

Tin*  arrangement  is  best  adapted  to  the  Koepe  system  of  winding,  when  in  the 
ca^e  of  one  rop*>  breaking  the  other  is  prevented  from  falling  down  the  shaft.  The 
pulley  romid  which  the  rope  pusses  is  fixed  to  a  movable  frame,  which  has  its  fulcrum 
in  the  centre,  and  is  weighted  at  one  end  by  means  of  a  lever  The  counterbalance 
weight  U  leas  than  the  weight  of  the  empty  cage,  but  greater  than  the  weight  of  one 
aide  of  the  rope  in  the  shaft.  Over  the  pulley  lie*  a  brake  block,  which  is  held  by 
rods  fined  to  a  boss  fitted  ecocnl  m  J'.  .  i  t!  p.dley  -InifL  in  an  upright  position.  If 
the  rime  breaks  »n  one  side  of  the  pulley,  the  counterbalance  weight,  pushes  the  pulley 
against  the  brake  block  at  the  same  tiuie  that  wedges  are  automatically  inserted  under 
the  movable  frame  in  order  to  keep  it  up.  As  booh  as  the  pulley  touches  the  brake 
block  it  moves  round  from  its  upright  position,  and,  owing  to  its  eccentric  boss,  wedges 
itself  light  against  the  pulley,  find  prevents  the  rope  from  slipping.  l\  Z.  15. 

J 


THE  CAMPHATTSEX  SHAFTS  OF  THK  ROYAL  Dl-DWEILER- 
J A G E  RS  F  R  E  U I) E  COLLIERY,  NEAR  KAARBRUCKEJf. 

Die  Camphatuen-Sckaehfe  der  Kgl*  SieinkohUngruht.  Dudicr<leT'J&ger*fr*mdr  Aei 
Saftrhriicken.  Iff/  l)K,  Klose.  Zeitschrxft  fur  dot  Bert/;  Huttcn-  mmd  Safimem- 
We*rn  >m  PreustixehrH  Staaie,  Vol  XXXI.  B.  pp.  1-12,  Pint**  L-VL 

The  author,  after  describing  the.  general  position  of  the  seams  worked*  the  condition 
in  which  they  are  found,  together  with  the  surface  arrangement*  of  the  colliery 
(Plate  1.),  and  the  sinking  and  walling  of  the  stiaft*.  of  which  then*  are  three,  giv« 
particular*  concerning  the  winding  engine  of  No.  1  Shrift,  which  is  the  principal 
winding  pit,  a*  follow*:— 


Ui\ -ii  test  depth 

7<*">  metres 

765*  yards- 

Effective  weight.  6  H  500  kilogs,  - 

3,000  kOotft 

19*01  cwt*. 

Weight  of  cage 

2.500  „ 

Do,       ii  empty  tubs 

i*aoo 

Do.       1  metre  rope  (round,  east 

utecl)  ...   

10 

22*05  lb*. 

Steam  pressure  per  square  inch 

Bat  in. 

73  53  „ 

Speed  per  second   

10  metre* 

32*N  feet. 

Diameter  of  flat  drum  

8  II 

2(125  M 

The  counterbalance  arrangement  consist!*  of  a  sjieeial  drum,  to  which  i*  attached  by 
means  of  a  rope  a  counterbalance  working  in  a  pit.  The  greatest  unbalanced  weight 
is  7*000  kilogrammes  (137  70  cwts.)  acting  on  a  radius  of  4  metres  03*12  feet)  on  the 
drum  circumference.  The  axle  of  the  spiral  drum  is  in  the  same  tine  as  the  main  axle, 
and  is  attached  thereto  by  a  trail  crunk.  The  greatest  diameter  of  the  spiral  drum  U 
16"4  feet,  and  its  smallest  i  t*2  feet,  and  contains  as  many  grooves  a«  there  are  rer«4u* 
tious  per  winding  of  the  main  drum.  Attached  to  this  spiral  drum  is  a  rope,  the  end* 
of  which  are  fastened  to  the  small  diameter  of  the  drum,  and  which  jiavte*  over  twit 
pulley*  into  ti  pit,  and  forms  a  loop  in  the  mime,  which  supports  a  pulley  13  12  feet  in 
diameter,  to  which  is  attached  the  counterbalance.  At  the  beginning  of  a  winding/,  cm* 
end  of  the  eonnterlmhniee  rope  unwind*  itself  from  the  big  diameter,  ami  euila 
itself  on  the  other  end  on  the  small  diameter,  and  as  the  unwrapping  of  the  rope  la 
quicker  than  the  wrapping,  the  counterbalance  descend*,  and  in  the  middle  of  the 
winding  is  stationary,  and  then  fur  the  remainder  of  the  winding  ascends.  The  dU- 
tancc  which  the  Counter  balance  weight  Twines  through  in  one  winding  is  the  depth  «f 
the  pit,  which  is  for  a  700  metre  (765*5  yard*)  shaft  7ti  1*5  mares  (84'16  yard*),  and 
for  the  present  winding  depth  of  490  metres  (543*5  yard*),  30  metres  (427  yards).  In 
a  depth  of  700  metre*,  and  with  a  rojie  weighing  10  kilogramme*  per  metre,  tin*  weight  U 
lfi.UUO  kilogrammes  (15  7  tons),  and  for  the  present  depth  of  metre*,  with  a  nrpc  nf  8 
kilograuuuea  per  metre,  the  weight  w  12.800  kilogrammes  (12'fi  tons). 

The  pulley  frame,  Plate  III  ,  ii  constructed  of  wrought  iron.  The  centra  of  the 
pulley  axle  is  20  metres  (f>5'rt  feet)  above  tlie  ground,  audthe  frame  eojuUu  principally 
of  six  lattice  girder**,  of  which  two  stand  vertically  and  the  other*  are  inclined.  Hie 
centre  line  between  the  two  rope*  forms  with  the  vert  leal  an  angle  of  70  dogma,  and 
accordingly  the  main  stay  girder  has  an  angle  of  V  •  35  degree*  with  Un»  verttcaL 
The  maximum  breaking  weight  of  the  rope  i*  taken  at  1-JO,OUO  kilogramme*  <i97~7N9 
tons).  To  this  add  the  varying  weigh!  of  the  defending  rope  lQjWO  ki 
(9H4  tons),  and  the  greatest  strain  in  the  direction  of  the  main  stay  girder  la — 

K  itoimutiK  Toe* 

It    -    2  Pci.*.  3.'»  li      150,000  *  0-S19    -    215,700    ...  Ml*«3 

To  thi*  add  half  the  weight  of  the  girder  K.IMMJ  7157 

2&a,7ft>  NNI 


or,  in  round  number*.  <khj  kihigrammes  (2IUIKI  Ions),  «>  the  greatest  strain  on  the 
chief  girder.  The  four  lattice  girders  forming  the  piece  are  strengthened  by  horizontal 
and  diagonal  rods,  so  that  1  he.  strain  on  the  mi^rle  imu  can  be  gone  into,  The  total 
cross  section  of  the  angle  iron  i-  oi>*;.lil!»  millimetres  <7srl7  sipiare  inches),  so  thnt  per 
>'|n:n  e  millimetre  the  maximum  strain  in  Y^^0  ~  5  kilogrammes,  or  7,000  lbs.  per 
square  inch. 

The  weight  nf  the  framing  is — 

Kilogramme*. 

Front  portion  ...        ,    J  0,715 

Main  stay      15,859 

Pulley  platform      5,408 

Four  sUn\miug  brattice  gilders  UH>7 
l^umdatioii  screws,  anchor  plates,  etc.  ...  6,321 

Total   40.000  -  39*37  ton*. 

The  pulleys  art-  5  millimetres  (Kit  feet)  in  diameter,  and  weigh  with  axles  and 
heal-in^*  I  ].3o0  kil'-^niiuuics.  so  that  the  total  weight  of  the  pulley  frame  and  pulleys 

mm  tn  to  51,300  kilogrammes  (50.J  tons)  and  cost  to  erect  £1,000.    The  calculation 

of  the  different  strains  is  gone  into  and  shown. 

The  description  goes  on  with  the  guides*  which  are  of  wood,  the  keps,  the  self* 
acting  shaft  gate*  (Plate  IV.),  the  boilers,  of  which  there  are  nineteen  Lancashire, 
2.1  feet  long.  (i'56  feet  in  diameter,  tubes  229f>  feet  in  diameter,  the  steam  pipes,  and 
the  ventilator.  The  ventilator,  Plate  V.,  is  a  <iuibnl,  328  feet  in  diameter,  and  984 
feet  wide,  which  receives  ils  air  fnmi  Iwitli  sides.  The  hhules  are  fastened  in  a  new 
style,  Vicing  materially  strengthened  by  angle  iron.  The  air  compressors  deliver  100  to 
120  cubic  metre*  (i'1,531'7  to  5.1297  I U  cubic  feet)  per  hour  at  a  pressure  of  from  to  5 
atmospheres 

The  screen  arrangement,  Plate  VI.,  is  known  as  the  Uriart  system,  and  the  coals 
are  fed  into  the  wagons,  to  avoid  breakage,  by  a  Jacob's  ladder,  which  can  be  raised  at 
will  as  the  wagon  tills.  C.  Z.  B. 


LfcON  DRU'S  PERCUSSION  BORING  MACHINE.  WITH  HYDRAULIC 

PRESSURE. 

FrrtfaUinxtrHment   wit   hyilraufi*chrtn  Brack    Mfli  Lfon  Urn,     By  Hkuuhath 
Tec  klknbl" K'i.    Bet**}-  und  JTtt*tteum*rnnwhe  Zeltung*  1883.  p.  65,  Plate 

Fig.  1-9, 

It  is  rather  difficult  to  describe  this  borer  without  sketches,  but  the  principle  may 
generally  be  described  as  follows : — 

The  chisel  is  attached  to  a  rod  which  forms  a  long  loop,  at  the  top  of  which  is 
fastened  a  rod  having  at  ita  lower  end  n  |  i-t">i  attached.  The  top  rods  end  in  a  fork, 
to  which  is  attached  a  cylinder  which  lies  in  the  loop  of  the  lower  rod  and  chisel. 
This  cylinder  is  of  a  narrower  bore  at  the  top  half  than  the  lower  half,  and  is  closed  at 
the  bottom,  while  the  piston  is  pierced  with  air  holes.  The  borer  only  works  in  holes 
tilled  with  water  Suppose  the  chisel  to  be  at  the  bottom  of  the  hole,  then  the  piston 
will  bfl  at  the  bottom  of  the  cylinder  in  the  wide  bore,  the  upper  rods  being  then  in 
their  highest  position.  The  upper  rods  now  commence  the  down  stroke,  and  the 
cylinder  is  moved  downward.*,  while  the  piston,  with  chisel  attached,  remains 
stationary,  and  at  the  end  of  the  stroke  is  at  the  top  of  the  cylinder.  Now  the 
upper  rods  are  lifted,  and  with  it  the  chisel,  for  it  can  only  fall  slowly  during  the 
Ojiiiek  upstroke  of  the  rods  on  account  of  the  small  bore,  but  the  piston  passes  in  time, 
owing  to  the  weight  of  the  chisel,  into  the  wider  cylinder,  where  it  falls  freely.  The 
stroke  of  the  upper  rods  is  greater  than  the  fivll  nf  the  boring  chisel.  C  B. 


A  VISIT  TO  THE  COAL-FIELDS  OF  ENGLAND  IN  THE  AUTUMN 

OF  1881. 

Bericht  nher  *in*  \m  Spatsommer  1881  attxrjefiihrte  Studienr*iif  in  di*  SMnkoA 

bextrkr  England*.   By  II  En  US  Fabian*  Zeifxchrift  fiir  da*  B*rg*%  IlAt/rn*  umd 

Satin*n-ffrest>n  im  Preus*iaeh*n  Stoat*,  Vol.  XXX.t  B%  pp.  325  -338. 

The  author  describes  and  criticise*  t hi*  haulage  :it  Holdou  and  Mednnisier,  In  Dor* 
ham  ;  at  Townley*  in  Lancashire ;  and  at  the  Pope  and  Pearson  Collieries*  near 

Normauton. 

He  then  describes  the  Swim  electric  light  at  Earnoek  Colliery,  near  CHsuegosr, 
as  follow*:— A  single  cylinder  engine  drive*  a  Gramme  machine.  The  latter  makes 
1.202  revolutions  jwjr  minute,  unci  supplier  eighteen  limi]^,  of  which  one  is  nil  the 
surface,  ami  seventeen  underground.  A  sketch  in  the  letterpress  show*  their  position. 
The  furthest  lump  from  the  shaft  wns  275  metres  (300  yards) ;  the  total  length  of 
circuit  wis  1,4*50  metres  (1,586  yards).  The  lamps  burned  with  an  average  power  of 
from  fifteen  to  twenty  caudles,  hut  each  showed  considerable  difference.  Thin  w*«  not 
owing  to  the  resistance  of  the  length  of  circuit,  but  to  the  internal  resistance  of  the 
lamp*  A  trial  win*  made  with  the  lamps  in  a  pair  of  working  places  at  a  distanced 
685  metres  (748  yards)  from  the  thrift,  making  the  total  length  of  circuit  2,270  metre* 
(2,l-H2A  yards),  with  twenty -I  wo  lump*.  The  light  was  good,  lint  no  account  of  there 
being  no  gas  it  was  discontinued,  nijcii  limits,  Wing  easier  to  work  with  The  }*>wer 
required  was  SjOtosiuYruhK'.  It  wu<.  proved  that  four  horse  power  «u*  required  t<»  Work 
twenty -two  hHHfl  by  1,561  revolution*  of  the  Oram  me  machine. 

A  criticism  of  the  lighting  follows,  which  is  favourable  Us  regards  the  lamp  tUtdf, 
but  nut  as  to  tin*  use  of  electricity  in  mines  with  circuit*,  on  account  of  the  danger  of 
n  spark  attending  the  breaking  of  the  circuit  by  nceide'it.  ft  7-* 


THE  VVURKIXO  OF  THE  PRUSSIAN  MINES  IN  1H8L 

Dtr  Bergteerktbctrirb  im  Frtu**i§ehtn  Stoat*  im  Jahre  1881.    Zettt*\nfl  /Ur  d&s 
Bf^g-,  Hut  ten*    und    Suit  nun*  M'rsm    ittt   Prtustiischen    Sttmtr,    Vot.  £J£jt* 

StatiMticat  Part  2,  y/K  h 

This  part  deals  with  the  *cverul  Uniemnicnt  di*triet«  and  coal-fields*  with  coal  and 
lignite  mining  Rowing  in  each  the  production,  nmnVr  of  colheric*,  number  of  work' 
men,  olnehds  and  their  several  wage*  and  salaries ;  value  of  production;  number  of 
horses  and  engines,  and  t h.  ir  power  ;  dinttugutsiuug  number  of  [lumping  winding,  atul 
other  engine-,  etc.;  name*  *>f  the  mine*,  flie  exploring  done  in  each  mine,  and  the 
opening  riot  of  new  tracts  of  lands,  with  import*  of  mineral  by  rail  and  canal*  The 
name  is  shown  for  all  other  branches  uf  mining  aud  working  of  minerals. 

In  npivr  Silesia  the  average  wages  for  the  year  1HHI  were:  -Kngiueuien,  &*Q6a. 
per  day  ;  hewers,  2*25*. ;  putters  and  drivers,  1  10s, ;  other  underground  men,  1 
surfacemen.  138a.;  boys,  070s. ;  and  women,  0  73s.  In  the  north  part  of  the  Wast- 
phalian  coal  licld  the  wages  averaged  for  the  hewers  3s*  a  day,  while  the  other 
workmen  i vevivod  from  2*.  to  2"50*.  In  the  -  nth  portion  the  hewer**  wages  varied 
from  2*.  to  liTiOs.  |ht  day,  and  the  other  men  employed  underground  from  T50a  to  2*. 
Of  the  West  phalian  production,  7h:h>  j>er  cent,  wjw  sent  away  by  rail,  10-5W  per  cent* 
was  coked,  6  21  pi  r  cent.  w;u  used  for  colliery  consumption,  4  33  per  cent,  went  hj 
road*,  and  <H2  per  cent,  hv  I  he  river  Ruhr.  There  were  in  tin*  coal-field  2.1&5 
engine*  of  till  *ori*.  with  a  combined  jmwer  of  1  t8,4o7  horse -power,  of  which  there 
were  123  ventilators,  U>2  winding  engines  32-1  pumping  engine*,  and  (0  loeomoUrea. 
The  following  table  give,-*  interesting  particular*  concerning  the  real  and  lignite 
bra  ns  j — 
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THE  MINING  INDUSTRY  AND  MlNINti  ADMINISTRATION  OF  I'Rl^si 
IHRlNU  THE  YEAR  1881. 


Die  Brrgtrrrkx-IndttntHe  naff  Bergrerwaltung  Freuiaen*  im  Jahrt  1881.  Z*\t*ckr\ 

fUr  dan  Berg-,  ffn/ten-  vnd  Stilinrn-Hre*en  im  PreM**i*cken  Staate*  foL  XXX. 
B.t  pp.  088-414 

1.— Genehai,  Position  of  tub  Trads. 

A.— MIJfTJTG  IM>rtfTBV* 

Although  ilk1  production  showed  an  increase,  prices  remained  al  a  low  ebb,  c*J 
during  the  fir*  I  half  of  the  year. 

The  production*  of  the  mine*  (including  n*'k  salt)  increased  V57  I*r  cent..  <md  tlie 
value  of  the  name  3T>7  per  cent,  over  the  preceding  year. 

The  total  number  «f  mine*  whs  18-14:— 398  collieries,  156  lignite  mint*,  729  iron 
ore  mine*,  IN"  lead,  sine,  am)  eopj»er  mines.  11  nuU  mi  nc*t  and  03  other  mine*.  The 
nnml>er  of  persons  employed  increased  4G5  jver  cent,  on  the  preceding  year. 

rt,  — Coat  Mining. — The  mihl  winter  of  1880*81  w*u  unfavourable  to  Out  trade,  hat 
after  a  time  the  increased  activity  in  the  iron  trade  made  it~elf  felt  without,  however, 
enabling  the  dial -owners  to  increase  their  price*.  In  the  la-gitmiug  of  tlte  autumn 
price*  l>egaii  to  got  bi  tter,  nod.  although  the  winter  fif  1881-82  n«t  mild,  t  be  Iron 
industry  kept  prices  up  The  production  ro»c  3  8l  \h  t  cent,  and  it*  value  3t*2  fmr 
cent,  in  the  preceding  year,  ami  the  average  price  at  the  pit**  mouth  went  bark  from 
4'1)9-j.  per  tou  to  4*96*.  The  uumt>or  of  -ten-ou*  employed  increased  4*63  jier  cent,  in 
1H80.  The  ex|Kirt«  ro^c  S  M  per  n  ut,  and  the  *nle*  inhitid  503  per  cent,  together  an 
increase  of  f>  III  per  cent. 

ft.  -Lignite  Mining,  — ThU  trade  hna  l**en  good,  especially  that  of  the  lignite 
briquettes.  The  production  ro*e  in  lKKl  5  II  per  cent.,  it*  value  3  06  per  cent.,  while 
the  price  j»er  ton  decreased  from  3' 05s.  to  300*.  The  number  of  person*  employed 
rose  102  percent,  in  comparison  with  1881. 

e.— /row  Ore  Mining— In  comparison  with  1881  the  production  roee  6"17  per  eent^ 
its  value  514  per  cent ,  and  |>crsoiis  emplo\  ed  3'8  per  cent.  The  price  fell  from  633*. 
|wr  ton  to  677&. 

d.  —  Zinc  and  Lrad  Mining.  —  The  production  over  the  preceding  year  of  zinc 
ores  was  increased  hy  433  per  cent,  and  itw  v  alue  19*58  -per  cent.  The  lead  orea  wtm 
amounted  to  1 18,700  tons,  an  increase  of  4*1  *  j>er  cent,  and  i»  value  2  47  per  cent. 
The  priee  per  ton  fell  from  1*7  1^.  in  1080  to  1251U,  in  1881. 

e.  — Copper  Miming.  -The  amount  of  cupper  ore*  raised  wan  515,300  toucan  in- 
crease of  889  per  cent,  over  1880,  in  vulue  "iO  12  t>er  cont.t  and  person*  employ**! 
13&8  per  cent. 

/.  -The  Mining  of  of  kef  M intra  It, 

g*— Mineral  «<*//#.— The  mining  of  "alt*.  especially  pota*h  salt*,  was  very  proa* 
perous.  Itoek  salt  rose  as  to  production  over  18N*l  25  tft!  per  cent,  and  iu  value  35*78 
per  cent.*  while  in  potash  *alt*  the  ri*e  was  respectively  30* tO  percent,  ami  W'67  per  cenft- 

h .  -  The  Mining  or  Quarrying  of  Manei  and  E  art  hi.  -  Slat*-  mining  ha*  not  Wn 
proipcron*,  owing  to  eoni-h'til ion  fmm  uhmad,  cm  perkily  that  of  England.  The  mm* 
ha*  been  the  case  with  the  qutirryirifrr  of  WUi  ;nnl  I'.ilfah^u,  icitT.  The  demand  fnr 
phiMphofiLe  hn^  tuvn  con*dd<<rahli',  owing  the  tnern'rt^l  iiounifm-tTire  of  iiijwr  fdina> 
pha**'<  at  id  MimU  phi»»phate  imj^»rt»  from  Chili  and  Peru,  The  working  of  *troiitkaiiit* 
in  Wcstphidin  h>  tlie  ( l.ivi'rum»-nl  ha^  id*o  U-*mi  wry  *ueeea*ful. 
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B  —  MKTALLrilOICAL  WOEK8. 

In  there  were  101  blast  fun  met?  works.  061  foundries,  273  puddling  works, 
and  ~A  Bessemer  siecl  works,  in  connection  with  tin.'  manufacture  of  iron  and  steel* 

a. —I nm  and  Sttrf  Workx.  There  u ere  IS<I  blu-d  furnaces  at  work,  which  jmi- 
duced  2.172,909  tons  of  iron,  1,159.10-1  ton*  «i  wrought  iron  and  nteel  were  produced, 
which  included  the  manufacture  of  5,040  tuns  of  mils.  Tlie  greatest  activity  prevailed 
En  the  steel  work*.  Tlie  production  of  1KS1  was  31'71  per  cent,  more  than  in  1 KKO, 
being  W5  IvjO*  tuns.    OF  this  101,018  tons  were  manuf sutured  into  rails. 

h, — Zinc  Work*.  r. — Lead  Works,  d.-  Copper  Works.  e .—Silver  and  Gold 
Works,  f.— Other  Workt. 

(.  —  THE  It  A  \  FT  AC  TU  H  E  OF  SALT  FROM  NOLVTtON. 

li—  The  Fiscal  Mikes  am>  Work*. 

A.— GENERAL  StJMMAItY. 

There  wen1  at  work  in  iRSl  IH  fiscal  collieries.  H  lignite  mines,  lfi  iron  mines,  1  tend. 
eo])iM?7.  lead  and  silver  works,  and  3  mineral  salt  works.  There  were  5  iron  mines  ami 
H  load,  silver,  and  other  metallurgical  works. 

it   pEODrcE  or  tni  iihcal  womes. 

3.— JtK8EAECHES. 
A, — GEO LOG t C AL  flVKVEY. 

The  State  geologic-agronomical  works  have  Ktm  actively  pursued  in  the  Harx, 
Thiiringen.  Province  Hesscn*  Nassau,  Khiue  Province,  and  Brandenburg  Province. 
In  the  east  and  west  provinces  of  Prussia  work  has  lately  been  commenced.  In  all  91 
geological  sheets  have  been  pttbHthcfl,  The  following  works  in  connection  with  the 
Geological  Survey  have  been  published: — 1.  "'Hie  Geology  of  the  neighbourhood  of 
Berlin,"  by  Dr.  E.  Laufer  and  ln\  K.  Walinscliaffe ;  2.  "The  Geology  of  the  Province 
Sehleswig-Holstein,'*  with  a  Map  to  the  scale  of  ^iiDviiT'  h>  I*r-  lj*  Meyu;  3. 
Transactions  of  the  Geological  and  Mining  Academy  of  Berlin;  4  14  The  Flora  of 
the  Carboniferous  System,"  by  l>r.  K.  Weiss. 

fl. — IIOUB  TkTALS. 

a,— By  the  Government— The  Government  undertook  the  boring  of  fonr  boles 
during  the  year.  One  of  the  holes,  commenced  in  lNcUi  near  UoimiiU.  for  tin-  further 
baqqiry  into  the  coal  formation  of  Wctten-Lobejiiu,  was  brought  from  a  depth  of  933  20 
metres  in  very  hard  conglomerate  and  sandstone  In  a  depth  of  1 001  "20  metres.  It 
has  not  been  ]>ossihle  to  determine  the  geogimslic  lmri/.on  of  the  strata  passed  through. 
Another  hole,  near  Halle,  at  Schladelmclu  wan  put  down  to  find  the  older  coal  forma- 
tions, and  ait  a  depth  of  ftDl'tfli  metres  was  stopped  in  the  hover  new  red  sandstone. 

6.—  Other  Works, — The  Weli'  le-,  seeking  ^dt  near  Ntussfurl  have  been  very  suc- 
cessful at  a  depth  of  300  metres.  91  metres  of  rock  salt  was  met  with,  together  with 
31  metres  of  ]>ntassium  salt*.  Borings  are  aeth ely  pursued  at  Zscherhen.  near  Halle, 
and  Aseherslebon.  for  the  same  purpose  Tim  petroleum  wells  near  Oelhcim  arc 
extending.  There  are  now  twenlv  different  companies  with  about  eighty  l>nreholes. 
The  depth  is  from  00  to  199  metres.  The  petroleum  is  found  at  from  00  to  10(1  metres 
in  depth  under  a  bed  of  hard  sandstone  in  a  porous  sandstone  or  loose  sand.  The  area 
■  if  jjrea!  productiveness  is  at  pi  c-ent  ■limited  t>  w  stretch  nf  lanil  h.H  \  metres  long  by 
150  metres  broad.    The  production  amounted  to       tons  jier  day  in 
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4.—  GOVERNMENT  GrAICTh. 

The  number  of  lease*  asked  for*  for  the  working  of  mines,  came  to  139. 

5.— Mm  mi  Taxks, 

The  State*  year  of  1*81  82  produced  £1H5TR59  from  taxes,  being  6*58  per 
more  tlian  the  year  1HH0.  ami  nearly  equal  to  the  year  187$* 

6,— -Mining  Colleges  anh  Schools, 

a. — ,lcarfe»n>#.— The  Mining?  Academy  of  Berlin  posfteised  during  the  year 
student*  against  111  in  the  preceding  year.    The  other  remaining  academy*  in  Clane- 
t  hiil.  had  altogether  85  student*. 

h.— Mutiny  Schools.  There  were  10  school*  and  27  elementary  whooU  in  the  wMf 
State. 

7<     MlNJNG  L\Wri  ANU  M  IN  I  NO  POLIC'K* 

During  the  year  the  Prusaiau  State  and  the  German  Parliament  have  made  no  iiev 
laws  with  regard  to  mining.  The  Workmen's  Vceideot  Insurance  Kill  and  r)o  Sick 
Insurance  Hill  an*  rapidly  being  made  law.  The  five  ConmiiosimiH  Kitting  in  the 
Government  district  of  Dortmund  to  inquire  into  the  damage  done  to  hotiaet*  land, 
etc.,  by  mining,  have  been  liard  at  work  «cttiiiig  claims, 

8. — Traxbpokt. 

a.^Iiailwavs,  i?cW*T  tic.  No  new  railways  of  importance  hare  been  opened,  1ml 
the  existing  railway  companies  have  been  lm*y  extending  their  railways  Tlie  Rhine 
Mcu#e- Canal,  owing  to  the  action  of  the  Dutch  Government,  has  been  Mopped.  The 
project  ol  CNiiinrting  the  Westphalian  eonbtteld  with  the  ports  of  the  North  U  about 
In  l..  mill /ml.  Tin  route  ha<  been  tiled,  tuid  will  be  made  in  four  part*—  lat*  the 
Emachcr  Canal  from  Kuhrort  (Khine)  to  Dortmund;  2nd.  a  canal  from  Henrichburg 
(Kmschcr)  by  Minister  to  the  Lower  tima  ;  3rd,  a  canal  from  the  Lower  Km*  to  th* 
lower  ]*art  of  the  Wcser ;  4th,  a  canal  from  the  Wescr  lo  the  Elbe. 

9—  Thk  Condition  of  the  Men  Kitrtoviu*. 

a.  -  In  General.  Although  wages  have  not  risen,  owing  to  ibe  low  price  of  mildly 
product  *,  \et  they  ha\e  kept  sit  the  *wuin-  li»u\djt  a*  in  the  foregiijng  year.  Tow  *nU 
the  latter  jmrt  of  the  year  the  Government  iron  mine  men,  the  lignite,  cupper  ore.  ami 
rock  salt  miners,  obtained  an  iidvuure  in  wage*.  Tlie  men,  however,  bare  found 
regular  employment.  The  emigration  of  the  coal  miner*  from  Westphalia  to  America* 
which  began  in  the  autumn  of  1HMO,  continued  in  1KH1  to  the  extent  of  about  1,700 
perton*.  A»  the  winter  set  in  with  better  trade,  this  entirely  »lo»|ird,  and  even  mm* 
of  the  men  rel urned. 

b.  Urtief  SorittifM.-  These  number  H3,  embracing  2,H*6  mine*  and  work*.  The 
number  of  mciu1i>  i  ■  .vi  ;7  7  Dm  iug  I  he  year  relief  wa*  given  to  &>,7u9  fwraooa 
The  iue-'iue  i.f  Mn  -  ictic*  amounted  to  £702  1-1.  and  the  expenditure  to  46&7j648u 
The  amount  of  properly  held  by  them  was  £1>073,D7U.  C  2*  B. 
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THK  MININU  PRODUCTION  OF  AUSTRIA  IN  THE  YKAIE  1*81, 

Bergwerkibetricb  in  Orsterrrich  tm  Jahre  1881.      JJerg-    nnd  HttftmmaxnUche 
Zeitunfr  1883.    Part  12,  p.  125. 


M  i  it  he  a l  Production, 
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The  average  price  of  Kguite  per  metric  centner  (09S120  cwU.)  was  17  85  kilo- 
grammes  (les*  than  0*39  kreutzer  in  1830,  or  2  13  per  cent.),  that  of  eonl  was  32-09 
kilogrammes  (less  than  O  il  kreutzer,  or  0004  }*er  cent,  in  18S0). 

The  wilt  work*  produced  581  355  metric  centner  rock  salt,  1,503,863  metric 
centner  hrine  wilt,  407,617  metric  centner  murine  salt,  and  119,959  metric  centner 
industrial  salt  ("industrial sal/. amounting  in  all  to  a  vulue  of  23,000,49S  florins,  an 
excess  of  Uorins  over  im>.  C.  Z,  B. 


WAGNER'S  POCK ET  LEVELLING   JNSTRT.M  ENT, 


TaachenHiteUiringtrumcnt  von  R.  Wagner.  Bg  He.  Mahtesb.  Wveke*3<>rkift  det 
rertinc*  Petitioner  Ingem'eure,  1883. pp.  1 10-130,    Test  Plate*,  Fig*.  1. 2*  3,  4,  and  6. 

The  principle  of  this  instrument  consists  in  readme  the  ordinary  staff  by  uicatt*  of 
a  telescope  at  the  same  time  that  the  instrument  is  levelled  by  a  spirit  leircl  visible  in 
I  he  telescofie.  It  U  made  in  four  size*,  and  costs  from  48  to  GO  (drilling*.  The  Ux>fi**t 
size  measures  t\  inches  x  2|  inches  x  l£  inches,  and  weighs  10^  onncea.  A  light  atmin] 
supports  the  instrument,  but  with  practice  it  can  be  used  by  the  liand  alone. 

C.  Z.  Bt 


THE  MINING  PRODUCTION  OF  THE  GRAND  DUCHY  OF  HESSE 
IN  1881  AND  1882. 

Montanxtatintitc  dr*  Oro**herzogth«mji  Ifetaen.    By  Hk.  Tkck  lkfbBhg,  B*rg~  mmd 
EnettenmaennUche  Zeitung,  1883,  Part  15,  p.  159- 
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K  LOUT'S  NEW  PLAN  I  METER, 
Uebtr  rin  nrun  rianimrtrr.     fig  \\  Klort,    ZetttckHJJ  J%r  l~rrmr*tvmgnr« 
rat.  XIL>  pp.  SI7- 1 1 5.    Piatt  I. 
'Il.i-i  in-!  i -::in.  :ii  ;    i;         to  combine  the  good  proportie*  of  the  polnr  phuomeU? 
ami  the  linear  plauuucter,  the  former  Wing  more  accural*  atul  iodfju'udent  of  Uw 
nature  of  the  phut  but  complicated ;  aud  the  Utter  lieing  lew  cosnplicaU*!, 

accurate,  aud  dependent  iipnn  the  u&lurc  of  drawing  paper,  The  instrument  is  ran* 
structcd  so  that  by  menus  of  polar  movement  the  principle  of  the  linear  pl*imi»ct«r 
can  he  carried  out,  at  the  same  time  arriving  at  a  greater  (legit*  of  accuracy. 

CXJL*, 


PRUSSIAN  FIRE-DAMP  EXPLOSIONS  FROM  1861  TO  1881. 

Die  auf  den  Steinkohlenherguerl-tn  Preuxsenit  in  den  Jahrcn  18<»1  bis  1881  durch 
schlagende  WrUrr  vtranfasxttn  Vngtiie&'JtfSilfe.  Prepared  for  the  Royal  Fire- 
dtuup  Explosions  Commission  Ity  A,  HassLACH Kit.  Zcttschrift  filr  das  Berg- , 
Hiiittn-  vnd  Salitttn-  Wettn  im  Prrussischtn  Staatt,  Vol.  XXX.  B.,  pp.  3tt9-382* 


Thi«  paper  contains  a  large  number  of  tables,  The  following  in  perhaps  of  most 
general  interest  ;— 

Table  VI. 
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*  Underground  men  only.  The  tigurca  in  bracket*  deal  with  the  tubal  number  tixDplofnL 


C  Z.  H. 


THE  MIXING  INDUSTRY  OF  AUSTRIA  IN  1881. 

Der  Berg  merkxbef  neb  in  Oesterrrivh  im  Jnhre  1S81.  Otxfrrreiehisch?  ZtiHchrft 
far  Berg-  and  Hnttemvesen,  Vol.  XXX  L,  Port  11,  pp.  150-153,  and  Part  13, 
pp.  180-182. 

In  the  w  hole  of  Austria  there  existed  ut  the  end  of  the  year  1881t  29,fi7-l  free  grants 
for  the  seeking  ami  winning  of  minerals,  an  incrtase  of  5*89  per  cent,  over  the  foregoing 
vcar.  The  results  of  some  of  the  explorations  were,  that  in  Schtimtorf,  near  Pudersam, 
a  <VJ  metres  deep  hore-lmle  traverse*!  ha-nalt  overlying  the  tertiary  formation  without 
finding  lignite.  In  Silesia,  coal  was  traced  m  Pcterswald  ami  Orlan-La/y,  Lignite 
was  discovered  at  di  n  adorf.  in  Ktcicrnmrkj  •graphite  at  Mautern,  in  Ranach;  and 
iron  ore  in  tiollrud.  Near  Trieste  a  company  i*  actively  engaged  in  exploring  the 
eocene  lignite  fonmtliun.    Improvements  in  mining  appliances  are  recorded. 

During  the  year  18HI,  there  were  791  mines  anil  119  smelting  works  at  work, 
employing  85,-192  and  10,170  persons  respectively,  a  total  of  {tii>6G2  persons;  of  whom 
87,002  were  men,  6.006  women,  and  2,65-1  children.  J  n  coal  mining  37 J 13  persons 
were  employed,  an  increase  of  1*59  per  cent,  on  the  preceding  year  In  lignite  mining 
29.083  persons  were  employed,  or  0*22  per  cent*  increase  on  1880. 

There  were  1G7  death*  by  accidents,  ami  204  persons  severely  injured.  Of  the 
former,  flK  twk  place  in  cul  mining  and  7s  in  lignite  mining,  or  2  0  and  2  9  per  1,000 
cmployedt  respectively.  Of  the  latter,  73  took  place  in  coal  mining  and  SU  in  lignite 
mining,  or  2*1  ami  3*3  per  LOCK)  employed,  respectively. 


The  tons  raided  per  death  by  accident  In  coal  inmiug  were,  hi  1880*  57.741,  fttul  U» 
1SS1,  4(;,l!  12 ;  in  %ata  willing,  69,021  in  198a  mid  67,4*5  m  1881,  The  Urn*  raiawt 
per  severely  injured  were,  in  caw!  mining,  in  1881,  22,-191,  and  in  1880,  23,005 j  in 
lignite  mining,  g&fflU  in  1«W1,  and  21>,443  in  1880. 

The  uii^1-  ■  T  all  accidents,  amounting  to  107  death n  and  201  severely  injur**  L  <rf 
which  coal  and  lignite  tinning  together  tdiarc  to  the  extent  of  81  per  cent.,  are  detailed 
a*  follows:  — 
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The  mining  revenue  mined  during  the  ymr  1N81.  amounted  to  1313.890  florin* 
565  kr.    In  the  whole  of  A  nutria  the  tax  on  mining  wiu  210  ja*r  cent,  of  1 1  to  %mXmo 

of  the  minerals  raised,  exclusive-  of  the  salt  industry.  C.  /.  B. 


A  V 11 HONO LOGICAL  ItKVIKW  OK  A  NX  M  It  Kit  UF  SHAFT  BOMNU& 

CbrORoIotjtAoh  i/fOrdttefr  t'tbertfcAt  eihtr  Attsakl  Schtwhtbohruttyr*.    M$  II a.  1  fcefc. 
LKMil  Kii,     flrrj/-  tfW  MitttetttitttttnitcAe  Zrttvntj*  1883,  /W  10.  07-99. 

The  methods  adopt  til  dcjxmd  upon  the  existence  of  a  hard.  water-containing  ruck  or 
i|iiii'Wnd.  In  the  former  the  system*  of  Kind  t'hamlrott,  Lippmami,  with  tubbing  or 
diamond  fairing,  in  the  latter  brick  walling  or  imu  tubbing  are  made  dm*  of. 

In  the  mining  district  at  Sehoneeke,  at  St  mug,  near  ForWh,  Kind  bored  a  shaft, 
commencing  on  the  1Mb  Decemlier,  1*18,  111  metres  in  sandstone  ami  conglouurntte, 
and  2U  ii m •  1 1 >  in  eosd  measures  Wooden  tubbing  was  used,  which,  however,  did  ant 
prove  succe**fuL  Compare  Pooaoo,  Truite  de  1  rtpluHatuiii  des  mine*  de  humllc,  T*  I* 
pp.  354-450,  aki  Ueci\  KrdhohrltUude,  p.  311,  and  Srrlo,  p  047. 

At  the  Anna  unite,  near  Alwlorf,  in  the  Worm  dulrirt>  two  *haft*  were  sunk  duriuff 
the  yean*  lHf»0  of,  and  lined  with  east  iron  tubbing.  They  wcrw  put  through  *|uick- 
Hand,  41*£I>  luetic*  in  depth,  b\  itumi  -.  .  t  'a  uiIJh  lu,  t  The  ii*t  of  *iokitt|y  tti  tW 
q 1 1 it: k wind  wa*  &>7  maikh  i>ei  metre  t^3'J  3*,  j*i  >afd).  Com]*rv  Xeitaehr.  f.  d»  Iknry* 
HnlteiMi-Suliuenw«*en  Im  I'r  Staate,  I8«?5r  p,  236. 


Three  shafts*  were  sunk  through  quicksand  at  the  Maria  colliery,  near  Hocugcu,  in 
the  Worm  district  in  the  years  1850-55.  The  quicksand  was  28  hH  metres  in  depth, 
and  the  cylinder  lowered  through  the  *aine  was  barrel-like,  of  pitch  pine.  The  shafts 
wert)  133*88  metres  deep,  and  were  1*31,  1  64.  and  2  35  metre*  in  diameter.  The  *aek- 
horhrcr  wa-i  used.   The  cost  in  quicksand  was  477  marks  per  metre  (£21  IGs.  per  yard). 

At  the  collier v  Dahlbusch.  near  Hotthatisen,  in  Westphalia,  live  shafts  were  tared 
during  the  years  1852-75,  by  the  Kiud-Chaudroii  method.    The  shafts  were — 
No.    I.  ~  1173  metres  deep  and  3 '5  metres  in  diameter. 
Air  shaft  =  101*1 
No.  II.  »  104'G 

,  ,  88 

„    IV.  -  88 

The  cost,  including  tubbing'  of  the  air  shaft,  was  £6,326  17a.,  shaft  No.  II, 
£14,680,  Nos.  III.  and  IV.  together  £28,350,  or  £U1  15s.  per  metre,  or  £87  per  metro 
for  uinking  only.  Compare  paper  written  by  Director  Schulz,  in  1879,  Scrlo,  p.  647, 
and  Zeitschr,  f.  d.  H.t-  H.-  W.  8.  im  Pr.  St„  1858. 

The  colliery  Agnes  Ludowike,  near  Horuhau&cu,  was  sunk  from  a  depth  of  lo'tiO 
metres  in  qnieksand  hy  means  of  n  sinking  wall  and  double  sackbohrer.  The  cost  was 
£18  15m.  per  metre  in  the  quicksand.  Compare  Zeitschr.  f.  d.  B.,-  H.*  «.  8.  iiu  IV. 
♦St.,  1855,  p.  228. 

Near  lics>aix,  in  Hel^iuin.  live  shafts  were  sunk  from  1854  fee  1873  by  the  Kind- 
Chaudron  system.  In  the  shaft  St.  Vaast,  at  the  Peronne  colliery,  the  height  of 
tubbing  was  98  metres  The  diameter  was  3  65  metres,  and  the  total  cost  £8,800,  «>r 
altout  £S9  HTs.  per  metre.  The  shaft  Ifcspaix  was  3  Co  metres  in  diameter.  Cost,  with 
tubbing,  £6,000,  or  £69  9s.  per  metre.    Compare  SchuU,  pp.  5,  29,  38. 

In  the  Hheinpreusscn  colliery,  near  Uoiuberg,  ltuhrort,  two  shafts  were  sunk  320 
metres,  and  2'86  and  4-7  metres  in  diameter  during  the  years  1857-1877*  During1 
these  20  years  all  conceivable  plans  of  sinking  through  quicksand  of  over  100  metres  in 
depth  were  repeatedly  tried.  Many  accidents  took  place,  and  the  undertaking  coat 
many  million  mark-?.  Compare  Zeitselir,  f.  d.  It.,-  H.  u.  S.  im  Pr.  St.,  184S3,  p.  43; 
18139,  pp.  88,  385;  1872,  p,  95;  1875,  p.  236;  and  1879,  p.  1. 

Chaudron  sank  four  shafts  at  the  colliery  L'lldpitale,  near  St.  Avoid  in  Lothringeu, 
in  the  years  1863-M  and  1874-76.  Hard  vogescn  sandstone  was  sunk  through  with 
feeder?)  amounting  to  25  cubic  metres  per  minute  (5,50242  gallons).  Shuft  I.,  1'83 
metre*  in  diameter  and  158  metres  deep,  cost,  including  tubbing,  £11,250,  or  £71  4s. 
per  metre;  shaft  II.,  3*13  metres  diameter  and  150  metres  deeph  £17,600:  or  £110  16s. 
per  metre.    Compare  ScIiuIk,  pp.  25),  38,  39. 

Near  Dorigmca  (De|jartmeut  du  Nord)  the  Compagnie  des  mines  de  rEseurpelle 
sunk  a  shaft  from  a  depth  of  25  4J8  niches  to  a  depth  of  104  metres,  with  a  diameter 
of  3  2  metres  1>\  the  K is  d-<  "haudi-on  mHlnd,  in  l86H-f9.  The  sinking  including 
tubbing,  cost  £8,315.  or  £80  per  metre.  Later  in  i860,  1870,  and  1876-77,  two  more 
shaft*  were  sunk  101  and  109  metres  respectively,  on  the  same  plan.  Compare 
Schulz.  pp.  29,  38,  39. 

A  abaft  at  the  Deutscher  Kaiser  colliery,  at  Muhlheim  on  the  Ruin,  was  sunk  in 
the  years  1871-75,  by  Wing.  Oxen  were  used  for  turning  the  tarer,  Cuuipare 
ZeiUchr.  f.  d.  B..-  H.-  u.  S.  im  Pr.  St.,  1879,  p.  67. 

At  Meurchin,  in  the  north  of  France,  two  shafts  were  sunk  on  the  Kind- 
Chaudron  method,  between  April  1st.  1872,  and  July  31st,  1875.  The  shafts  were 
3"20  metres  in  diameter,  and  8i  and  91  metres  deep,  respectively.  The  total  cost  was 
£10,501  and  £10,200  and  the  cost  per  metre*  including  tubbing,  was  £125  10s.  and 
£113  6s.    Compare  Schidz,  pp.  'SH  29. 


1-9 
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Zobel  and  Kohl  bored  two  shafts,  from  the  24th  March,  1873,  tit  the  30th  A 
1874,  on  their  own  plan,  141  metres  and  44  43  metres  deep,  at  Nortyckeii.  in  Sam  lan 
for  the  winning  of  amber.    $c\  oral  new  and  interesting  tools  were  used  in  this  work. 
Compare  Zeitscbr.  f.  d.  Bv  H.-  n.  S.  ho  Pr.  St.,  1*74,  p.  139,  nod  p.  2Hi» 

On  Lippmauu's  system,  a  shaft  was  bored  at  the  Kheiti-Elbe  colliery,  neitr  GrUen- 
k  ire  hen,  iu  thirteen  months.  1874-7 5 >  which  was  90  metres  deep  and  4"S  tuctrra  ! 
diameter.    The  freefall  apparatus  of  Degousaee  and  Laurent  was  adopted.  Compan 
Zeitschr.  f.  d.  B.,-  H.-  u.  S.  im.  Pr.  St.,  1870*  p.  17fi. 

Mppuiann's  system  was  ajrain  used  at  the  colliery  Komgsborn,  near  (7  una,  in  an 
improved  form  known  a*  Mangel- Li  ppinatni,  The  sliaft  was  200  metres  deep.  Th# 
first  50  metres,  and  4  5  metres  diameter,  was  sunk  by  hand,  the  remaining  depth  vm 
Wed  43  metres  in  diameter.  The  bo  ring  commenced  on  the  20th  Angnst,  1875,  and 
lusted  until  October*  1*7*.  The  machine  workeil  very  iinnnlhlj  nnd  n  pn^na*  m 
recorded  of  aa  mneh  as  0*5  metre*  in  21  hours,  and  11  metres  per  month.  The  tubbing 
w:\<  im  tlx-  K  iiHl-Chandron  principle,  except  thai,  instead  of  the  cent  ml  pip*,  * 
valve  was  fitted  to  the  false  bottom  which  was  actuated  from  hank  by  a  *te*d  wire. 
The  rings  were  1*5  metres  high,  and  123  were  used.  The  cretaceou*  marl  thivqgfc 
which  they  sunk  was  partly  of  a  flinty  hardness.  The  cost  of  the  apparatus  t*  aboot 
four  times  dearer  than  tliat  of  the  Kind-Chandron.  The  system  is  admirably  adapt**) 
for  large  shafts.  Com  pure  Zeitschr.  f.  d.  B.,-  H.-  u,  S,  im  Pr.  StH  187*5,  p.  176,  ***** 
1877*  p.  a  12* 

The  author  concludes,  hy  Haying  that  when  linking  with  tubbing;  or  wall) ti|r,  wbidi 
is  lowered  as  the  work  progresses  in  qaicJcaand,  U  udnpted,  it  is  not  advisable  to  fore* 
with  much  power  the  wtdling  or  tubbing  wheu  it  will  not  sink,  as  it  loads  to  frwpirot 
breakages  and  trouble.  Experience  seems  to  prove  that  after  bringing  by  hand  thm 
«haft  down  as  far  as  possible,  the  inner  and  outer  diameters  of  the  walling  or  tttbtdog 
should  Ik*  so  chosen  that  several  smaller  sized  waitings  can  find  room.  Tin  -  ibjeei  •lomld 
be  more  the  freeing  of  the  strata  at  the  circumference  below  the  walling,  rather  titan  the 
sinking  of  the  shaft  sump  until  the  shaft  has  reached  hard  strata  with  but  little  water. 


J  UK  U1L  INDUSTRY  OF  0BLBR1M,  NKAR  PKIXB* 

Qrlhtim  hri  Peine.    By  l£.  IHldalf,  0f>*ttrre\ck\*che>  ZviUcriJ}  jUr  Berp*  «W 
mtt**we*e»t  1883,  Pari  9.  py.  113-114,  and  Part  10,  pp.  103-104;  /Tj*.  1-3, 

Plate  V. 

(h'llieiiu  lit'-  near  \\w  \ -ilhip  >  Unh ^o  and  Kdemissoti,  on  the  Lttiiebargrr  H*id«\ 
3  kilometres  north  of  Peine  (station  oti  the  Uru nswiek- Hanover  railway).  Thm 
petroleum  district  of  Oelheiin  forms  only  a  link  of  the  great  North  (ienitan  nil  regfooft, 
which  extends  iu  a  straight  line  from  Schoppei istcdl.  in  Urannsrhweig,  in  *  north  w«| 
diri  elioti  to  Verdeu  on  the  Alter,  a  distance  of  uboat  20  miles  (Herman)*  At  many 
point-*  in  this  line,  which  nni^  {taralhd  to  the  contour  of  the  dUtrict,  the  eij«t«ta<  «f 
oil  U  proved,  pari  I  v  hy  trait*  *  I  •  il  on  tin-  >nil'iov,  partly  by  diaft*,  and  boreholes  anal 
Lar  wells.  The  formation  in  which  the  oil  *■  found  seems  to  be  the  Weahlen,  and 
certainly  tin'  cretneeout  turidslone  tied  U-h  nginjr  to  the  Wenldeu,  which  rrope  tatt, 
seems  to  contain  the  chief  supply.  This  is,  however,  not  the  only  de|*»it,  at  other  rlay 
and  sandy  strata,  as  proved  !>y  l»orehules.  yield,  in  pumping  oil  much  mixed  with 
null  water. 

The  find  successful  eommcieinl  attempt  to  obtain  oil  wa*  in  18N0,  and  waa  folh»a%d 
by  Ilerr  Mohr,  who  Wed  the  celebrated  No.  it  ttorvholc  in  Drceuda*r,  ItiSO,  wall  fcnown 
im  aerouut  of  the  *tr<  ng  ernplhm  *  f  ga>»  IVotn  i(,    Now  £5  difTeniit  companies  raW. 
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The  two  original  companies  are  tlio  only  producers  lit  present,  uritl  their  taking  is 
studded  with  boreholes  from  10  to  20  metroi  apart  only.  These  boll  gave  vuryr 
varying  result*;  one  hole  producing  10  to  20  barrels  u  day.  U'ing  »n-xt  one  pn ulttcini? 
nothing;  and  this  may  ho  accounted  for  hy  a  borehole  weakening  the  productiveness  of 
Another  rinse  to  it.  Stunt*  >i  I  lie  holes  (for  instance  Mnhr's  No.  13,  which  formerly  pave 
in*  much  as  100  barrels?  of  raw  nil  per  diem)  *bow  a  decided  decrease  on  their  oriyim»l 
supply.  The  production  in  1881  was  22,000  barrels  and  in  1882  lOi-,113  cwU.  The 
Cost  of  putting  down  a  hole  is  &mall,  and  i*  amply  rej mid  if  a  viehl  per  holt-  of  from 
3  to  i  barrel*  a  day  U  secured  The  comparatively  shallow  depth  at  which  the  boreholes 
are  at  present  confined  gives  rise  to  greater  hopes  on  the  attainment  of  greater  depths. 

Method*  of  Boring* — Percuss  ion  rod  boring'  is  the  most  common,  with  Fabian's 
freefall  piece.  These  holes  arc  started  with  a  diameter  of  4^0  millimetres,  and  diminish 
at  depths  of  100  to  200  metres  to  MO  to  loO  millimetres  in  diameter.  As  soon  as  the 
dohmntio  limestone  has  been  passed  thi-e^b  and  ><  ft  -hairs  are  met  with,  the  boring 
is  changed  to  a  rotatory  motion.  The  j  ercussion  boring  is  invariably  performed  by 
hand*  making1  progress  in  fairly  hard  nek  bo  the  extent  of  from  700-1000  millimetres 
per  day*  The  lung  ill  ■■fill,  who  undertakes  the  work  at  his  own  risk,  charges  C5  marks 
(£3  Gs.)  i*r  metre  fur  the  first  100  metres,  and  10  marks  (10*,)  per  metre  additional 
below  (hat  depth. 

The  Ameih'iin  rope  Wing  met  bed,  largely  adopted  in  Pennsylvania,  U.S.,  has  not 
proved  successful. 

Percussion  boring  with  wen  den  rods  is  used  by  the  United  Continental  Oil  Company, 
Limited,  London,  who  are  boring  for  a  Bremer  firm.  The  agreement  n%  that  200  metres 
must  be  reached,  for  which  in  return  they  receive  half  the  yield  of  raw  t  ii.  The  boring 
is  It  10  millimetres  in  diameter.  The  boring  arrangement  is  the  host  in  the  district; 
a  depth  of  l&Q  foot  having  been  readied  in  one  week. 

An  Essen  firm  are  boring  with  hollow  iron  reds  and  water.  The  rods  are  formed  of 
g*A  piping  34  millimetres  in  diameter,  and  the  water  is  forced  by  a  hand  pump.  The 
chisel  is  attached  to  the  hollow  piping.  The  boring  is  the  deepest  in  the  district, 
having  attained  a  depth  of  3fJ0  metres. 

Kohrig's  boring  arrangement  is  similar  to  the  foregoing,  with  the  exception  Unit 
attached  to  the  hollow  reds  i*  a  1'alnan's  freefall  borer,  and  the  water  is  brad  outside 
the  nds  and  comes  up  iodide.  The  greater  velocity  obtained  by  milking  the  water 
pass  upwards  in  a  narrower  passage,  enables  the  water  to  carry  with  it  large  tithnt  and 
even  whole  cores. 

The  holes  generally  are  lined  with  welded  wrought  iron  nives  for  great  depths  mid 
drawn  iron  i>ij  cs  for  lesser  depths,  w  hh  screwed  joint*,  which  are  so  made  that  the 
ji  iut  is  scarcely  dheernihle.  As  later  a  lifting  pump  is  mude  to  work  in  tin  in  this  i- 
a  great  advantage.  C.  Z.  BL 


ACCURACY  01  THE  EQUIDISTANT  PLAN  I  METER, 
Vrrtttche  iiber  die  Genauigktit  dts  ttquUh&tattz-planimeitr**  S§  F.  GrsntKU. 
Zt'tf  fchr'ft  fiir  I'ermcs&Hnr/swcsen.  J'of.  AY/.,  pp.  37-13. 
The  author  refers  to  his  paper  on  the  equidistant  phiuimeter  of  hi*  design  in  Vol, 
XL.  made  for  computing  small  areas.  In  this  pa;>cr  he  details  trials  made  with  it, 
together  with  the  polar  phiuimoter  and  the  Harfeu  plammetcr.  The  trial*  consisted  of 
measuring  the  areas  of  circles  and  square**  representing  areas  respectively  of  100.  500, 
L00O,  2,000,  3,000.  and  1,000  sgm.  drawn  to  a  scale  of  1  ;  4,000.  Tables  of  the 
results  are  given.  For  small  area*  up  to  4,000  sgm  ,  on  the  scale  of  1  •  4,000,  the 
cipiklislant  pi  aid  meter  is  as  aeenrate  as  the  others,  and  requires  leas  time  to  inani- 
pulate.  a  Z,  B, 
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THE  SAFKTYLAMPS  IN  USE  AT  THE  ROYAL  COLLI  Kit  IRS 

NEAR  SAARUHCCKEX. 

Die  a*f  den  jitkalitcke*  Steinkohlengruben  bei  Saarbrncken  in  OebrauoA  bwfimdltckrn 

Sicherheifxlampen.  Royal  Prussian  Fikb-pamf  Com* tea  lot*.  Z*it*ekr*ft  JBr 
das  Berg-*  Httttrtt-  und  Satinm-wcsem  im  Preniri*ck*n  $taaUt  i*oU  A'XX/^ 

pp.  7»>-71. 

L— The  Davy.  The  wire  forming  the  gauze  U  \  millimetre  thick.  The  Tnratiea 
an;  rectatignLir,  und  Ul  go  to  a  tupiare  centimetre.  Tl&cae  lamp*  are  only  uncd  hy  the 
o  the  tills  for  the  p^tpptt  of  examining  the  air,  aiul  then  only  in  Koine  districts 

2.  —  The  Saarbriicken  lamp,  which  U  a  Mueteler  without  the  inner  chimney  and  the 
horizontal  gauze.  The  oil  hairier  is  much  lower  than  in  the  MucsehT.  being  37  tntllt* 
metres  high  Against  50  imlHmetre*.  The  gauze  ia  protected  at  the  top  hy  a  copper  cap 
which  tit*  light  over  the  gauze,  und  is  perforated  to  the  same  extent  a*  the*  gvmte. 
Hie  lower  "part  of  the  lamp,  with  the  lover,  middle,  and  upper  ring*  with  filatct  arc  «f 
brass,  attd  the  upper  part  i  f  iron.  The  glass  cylinder  bus  a  diameter  (outside)  of  fist 
millimetres,  is  fi  millimetres  thick  and  63  millimetre*  high,  is  made  of  wcU-t«*i»|**r«d 
white  glass  of  as  even  a  thick  ucss  as  possible,  and  nee i irately  ground  w  hen?  it  hear* 
upon  the  platen.  The  wire  forming  the  gnuxe  it  three  millimetre*  thick*  Mid  141 
meshes  go  to  a  square  centimetre-.  A  round  u  ick  i*  used  and  the  nil  !■  nf  purs?  r*  pl- 
aced. The  lamp*  are  locked  hy  a  screw  fitted  at  the  Wtom  of  the  uHdtt  Jeter.  The 
total  weight  is  850  grammes  against  IIUO  grammes  nf  the  Mue*eler  ami  1.020  grsaninc* 
of  the  lamp*  mostly  m>ed  in  Westphalia, 

3,  Lately  some  of  Dr.  ScbondnrfTa  improved  magnetic  Didder  lock  larofss  have 
been  successfully  used  at  the  Heinitz  Colliery.  C.  Z.  B, 


HUEAKAGE  OF  A  WINDING  ROPE  AT  TDK  DUKK  IIARDRKHRItU 
COLLIERY,  WESTPHALIA, 

Zum  Srilbnch  ttnf  Zrchr  Fur*t  Hardenbery,    By  Fra!iz  Prr»na.    Zrittrkrlft  it* 

Vereine*  Deutsche?  Inyenie*re.    Part  3,  I V.  XXVIL,  pp.  283  328. 

The  author  endeavours  to  explain  the  reason  nf  the  rope  breaking,  an  accident 
wbieU  caused  the  death  of  15  men. 

The  rope  couwisted  of  seven  strands,  each  constructed  on  a  core  of  three  wire* 
in  ul.  <  f  annealed  crucible  steel,  each  wire  being  00U5  inches  in  diameter.  Tke 
wires  next  the  core  in  each  »traud  were  of  erueihle  stee-h  2'2  millimetres  (CMJStJS 
in  cue*)  in  diameter,  and  the  twelve  outer  wires  made  iff  the  same  material*  snrre  9*4 
millimetres  (0*00449  inches)  in  diameter,  The  main  core*  round  which  the  awim 
hlmmls  were  tw-isted,  cou  Misted  of  »ii  strands  each  composed  nf  mx  wire*  made  sjf 
annealed  iron  2  millimetres  Cui>7*7  inches)  in  diameter,  tainted  on  a  tarns!  b*rt*p  enra 

According  U*  the  rcgalatirms  nf  the  mining  jtoliee  114  0  kilogrammes  |rasr  sqnara 
millimetre  (72  8  tmi*  \ht  wpiare  inch)  i*  the  limit  of  strength  for  rrueihle  steet| 
8(>  kill  grammes  per  8<p«*re  millimetre  (SO  8  ton*  per  sqnare  inch)  for  annealed  erueible 
steel ;  and  15  kilogrammes  \*  r  iwpmrv  miilimetrv  (SH-fi  ton*  |s»r  »tpmn'  Inch)  ft«r< 
irmi  wire,  so  that  the  strength  of  the  rope  um  espial  to  a  total  carrying 
71 '42  tons. 

Hy  trial*  made  at  the  manufactory,  the  rope  proved  capable  cf  carrying  £0*30  tosr*. 
The  rope  wax  again  tested  aftor  the  accident,  a  hen  it  a  as  ascertained  thai  after  11 J 

month*  wear  the  »treugth  bad  deteriorated  p*  r  cent. 
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The  weight  curried  by  the  rope  was  8*383  tons*  This  makes  the  rope  to  be  8'5  times 
stronger  than  the  load,  but  really,  according  to  the  trials  math;,  96  times  stronger,  and 
after  breakage  7 '8  times  stronger. 

According-  to  the  regulation*  enforced  by  tlie  mining  authorities,  Hie  weight  of  men 
allowed  to  ride  must  not  be  more  than  half  the  weight  when  winding  coal  (in  this  case 
equal  to  20  men).  25  men  were  in  the  Crtge  at  the  time  the  rope  broke;  but  this  could 
hardly  have  been  the  cause  of  the  accident. 

On  examining  the  mpe  after  fracture  it  was  found  that  five  out  of  the  seven  strands 
were  broken  off  nearly  in  one  plane,  and  each  wire  was  fractured  as  if  it  bad  been 
broken  in  a  proof  machine.  The  other  two  «t  rands  reached  150  millimetre*  ami  250 
millimetres  beyond  the  fracture.  This  seemed  to  prove  that  the  rope  had  broken 
Bnddeuly.    No  marks  were  found  on  the  guides  to  show  that  the  cage  had  got  wedged. 

The  rope  broke  1'5  millimetre  bt*!ow  the  shackle,  and  had  been  four  times  re- 
socketed. 

The  safety  Apparatus  did  rmf  act,  owing,  very  possibly,  to  the  suddenness  of  the 
break,  as  the  axis  holding  the  cams  to  catch  the  guides  was  found  to  be  so  bent  as  to- 
unfit  it  for  action. 

The  author's  theory  is  that  the  cage  was  too  rapidly  Hearing  the  top,  and  that  the 
enginernan  slackened  or  stopped  his  engine  so  suddenly  that  the  cage,  after  travelling 
with  a  velocity  due  to  its  momentum,  fell  back  on  the  slack  rope  and  so  broke  it.  The 
banksman  just  saw  the  bridle  chains  when  the  cage  went  to  the  bottom.       C  Z.  B. 


COAL  STATTHS. 

Memoire  *ur  les  Moyens  tnecaniques  employes  pour  dtckarger  les  wagons  de  HoviUe 
dans  les  bateaux  el  dans  let  Charefles.    Par  M.  E.  J.  Fovgehat,    Bulletin  de 
la  Societi  Indvttrictle  dtt  Ford  de  la  France,  JVo,  38,  1883,  pp.  107-121, 
folding  Plates. 

The  author  descrilws  and  discusses  the  various  systems  adopted  in  England, 
Germany,  and  France.*  lie  is  in  favour  of  the  last;  in  all  of  which  the  wagons  arc 
placed  parallel  with  the  ship  and  emptied  from  one  side* 

On  the  whole  he  prefers  the  system  devised  by  himself  for  the  Bruay  Coal  Company 
( Pas -de- Calais),  and  for  which  he  was  awarded  a  silver  Mid  at  the  Exhibition  of  1878, 
The  u-agoii  (ten  tons)  is  run  on  to  a  platform  parallel  to  the  ship.  The  platform  is 
hinged  along  the  side  next  the  ship,  and  the  other  side  is  raised  through  an  angle  of 
about  30J  by  means  of  an  hydraulic  piston  placed  Iwneath  it.  One  side  of  the  wagon 
being  opened,  the  coal  is  discharged  into  a  spout. 

Two  of  these  tips  complete,  costing  £1.600  (40,000  francs),  will  discbarge  2,500  to 
3,000  tons  of  coal  in  one  day,  and  employ  only  six  men.  J.  H\  M. 


A  SUSPENDED  CENTRING, 
Una  Chnlra  Colgada.  By  M.  G  ARB  AX*  Jievttta  de  Olras  Pubtieas.  4>  Tomo  L, 

Hum.  2,  1883,  pp.  24^28.    One  folding  Plain. 
In  order  to  connect  two  quays  at  Barcelona,  it  was  necessary  to  arch  over  an 
opening  twenty-four  feet  wide  and  tifty  yards  long. 

The  level  of  the  sea  being  above  the  spring  of  the  arch,  centres  fixed  in  the  ordinary 
way  would  have  been  exposed  to  the  force  of  the  waves;  it  occurred,  therefore,  to  the 
author  to  suspend  the  centres  from  balks  resting  upon  the  quay  walls  and  an  inter- 
mediate pier.  This  paper  given,  with  the  aid  of  a  plate,  a  detailed  di'scripttuii  of  the 
suspended  centring  upon  which  the  arches  were  successfully  built.  J,  H.  M. 

*  Some  nf  tho  French  systems  are  described  Lu  Vol.  XXVII.  ul  the  Traunatttuun.-  St  U  Euitoii  , 
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IMPORTATION  OF  ENGLISH  COAL  AND  COKK  TO  BILHAO. 

Importation  de  Carhone*  Inglese*  en  Bilbao.    Bert  eta  \t infra  y  Metalmrg*c*t  1883, 

Sirie  c,  Tomo  L,  Aum.  8,  p.  109. 


Year. 

Coal  Ifmi). 

Total  (totu 

1878 

45,777 

12,177 

1879 

59,119 

18,077 

72,196 

1880 

40,209 

42.366 

82  575 

1881 

55,693 

46,850 

102,513 

1882 

86.393 

66,219 

152,014 

J.  II.  M. 


THE  ANZIN  COAL  STAITHK, 

Note  sur  vn  Baxettleur  a  contre-poitis  difllerentieh  pour  le  deckargtmeni  dr*  it^om 
tie  10  tonnes.  Par  J.  DftrKK/.  Bulletin  de  In  Societe  IndmMtHeiU  du  AVrrf  de  l« 
/Vance,  3V  38,  1883,  pp.  97-99,  /wo  folding  Plate*. 

This  in  an  account  of  the  method  adopted  at  the  An/in  mines  for  loading  veu«l« 
with  coal.  The  truck  (10  ton*  of  coal)  is  run  on  bo  a  platform  parallel  with  the>  »hjp. 
This  platform  is  hung  upon  a  longitudinal  axle,  placed  about  four  inch**  eccentric  to 
the  centre  line  of  the  rails,  ho  that,  on  the  withdrawal  of  a  bolt,  the  weight  of  the  full 
track  will  tip  one  side  of  the  platform  down  toward*  the  vuaseL  The  «ide  of  the  track 
being  opened,  the  coal  U  discharged  along  a  spout  into  the  hold.  '1  f  ]  !  .  r 
turning  picks  up  a  series*  of  weights,  so  proportioned  as  to  exactly  con uter balance  tbe 
load,  which  increase*  as  the  angle  of  tip  increases.  In  order  to  bring  the  platform  and 
empty  truck  quietly  back,  some  of  the  balance  weights  are  prevented  from  acting 
immediately,  by  means  of  a  brake.  All  the  details  are  clearly  shown  in  the  plates.  It 
is  found  in  practice  that  four  men  can  discharge  from  250  to  270  tons  in  two  hour*. 

M.  J.  Deprez  has  been  awarded  a  gold  medal  for  his  apparatus.  J.  H,  M, 


DYNAMITE,  ETC 

Communication  *ttr  leu  hirer  *es  1 'a rifle*  de  Dynamite  rt  la  Gomtne  Krpl&*i're„  Pmr 
M.  Yak  Ac  ji  Attn.  Bulletin  de  la  Hoviiti  Sciemtijiaue  Jnduxtrietle  de  MersnlU, 
1881,  pp.  269-277, 

The  author  describe*  oitro-glyceriue  and  the  different  kind*  of  dynamite,  inc)odin|r 

gum  dynamite. 

With  reference  to  dynamite,  he  points  out  that  the  great  safety  of  this  exploaivw 
ha*,  by  inducing  over-confidence,  been  the  cause  of  many  Occidents;  as,  for  instance*  if 
a  light  be  applied  to  a  small  quantity  of  dynamite,  it  will  burn  quietly,  where***  in  tKr 
case  of  a  large  quantity,  it  will  explode,  and  it  is  impossible  to  fix  the  limit.  A  thick 
layer  of  dynamite,  such  »*  an  unlinuh  cartridge,  may  In-  id  ruck  with  a  hard  leafy  or 
KubjiTSnl  tn  the  mt*t  violent  shocks;  but  a  thin  layer,  in  similar  circumstance*,  would 
explode.  Accidents  have  often  Iteett  caused  by  thuning  dynamite  that  has  fruemi 
(which  it  doe*  tit  n  tom|*erature  of  about  12  Fahr.)  by  planing  it  near  the  fire  or  upon 
a  stove.  This  is  in  itself  harmless,  but  if,  nn  *oiueiimc*  lui]»petm.  a  detonator  baa  been 
left  in  onn  of  the  cartridge*,  a  violent  exphwion  might  lv  the  c« nisei pience.  M.  Acliard 
recomiuendH  that  dynamite  should  Ik*  thawed  in  an  empty  vessel  placed  (u  a  TtassJ 
hot  water.  J  It,  M* 
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RESISTANCE  TO  TRACTION  ON  KOADS, 

By  Rn>OLni  Her  J  So,  President  of  the  Club.    Proceeding*  of  the  Engineer**  Club 
of  Philadelphia,  1882.  TV.  III.,  pp.  119-121. 

Mr.  Hering,  having  had  occasion  to  inform  himself  upon  this  subject,  and  finding 
the  experiment*  of  the  different  authorities  widely  scattered,  bus  collected  the  main 
points  together  in  tin*  piper.  He  concludes  with  a  tahle  of  the  resistance  on  different 
clasactf  of  roads,  J.  H.  M, 


WET  COMPBBS80B  WITH  PARABOLIC  COLUMNS. 

Compresteur  a  Colonne*  Parabotiqve*.  Par  M.  G.  Hanahtb.  Bulletin  Societe*  det 
Ingfnieur*  Sorti*  de  V Ecote  Provinciate  d' Industrie  el  det  Mine*  dn  IIainauft 
$tr.  2,  Tome  XI  J'.,  pp.  59-6-1,  one  folding  Plate  and  three  iJiagram*. 

This  ]m]K?r  gives  an  account  of  an  improved  form  of  wet  compressor,  which  the 
author  thinks  will  supersede  the  dry  high-speed  compressor  of  Cullodoji,  which  snp- 
phmtcd  the  original  wet  low-speed  compressor  of  Snmmeiller. 

The  principal  improvement  consists  in  sub*t ituttng  erasee  columns  of  a  parulxilic 
form  for  the  ordinary  columns  with  parallel  sides*  B*  this  means  the  velocity  of  the 
water  is  gradually  decreased,  eddies  are  prevented,  and  the  compressor  therefore  can  be 
driven  at  a  higher  speed. 

The  author  gives  a  mathematical  proof  of  the  advantages  of  this  form  for  the 
columns,  and  examples  fnno  place*  wlurc  it  lias  kn  successfully  applied  in  practice. 

J,  II,  M. 


MINERAL  WEALTH  OF  NEW  SOUTH  WALES. 
New  South  Wale*  in  18S1,  pp.  GK70t  one  folding  Map. 
Chapter  IX.  of  this  official  hand  Ixmk  is  devoted  to  mi  ricconnt  of  the  mineral 
wealth  of  the  colony.    Gold  and  coul  have  hitherto  been  the  principal  production!; 
but  tinT  copper,  iron,  lead*  silver,  kerosene,  precious  stones,  and  a  few  other  minerals 
are  worked. 

Coal  extends  over  an  approximate  area  of  23,fuO  square  mites,  and  has  been  found 
of  a  quality  second  to  none  in  the  world.  Professor  W.  A.  Dixon,  of  the  Sydney 
Technical  College,  says  that  it  is  denser  than  English  Newcastle  coal,  representing  an 
economic  advantage  of  6  per  cent,  for  bunker  purposes*  and  is  practically  sulphur  free. 
The  production  has  risen  from  HON.T&l  tons  from  twenty-seven  mines  in  1871,  to 
1,446.1  NO  tans  from  forty-six  mines  in  1880.    About  4,650  men  arc  employed. 

The  map  shows  gold  areas,  mineral  areas  other  than  gold,  agricultural  areas,  and 
pastoral  areas.  J.  H.  M. 


THE  AVAILABLE  TONNAGE  OF  THE  BITUMINOUS  COAL-FIELDS  OF 
PENNSYLVANIA. 

By  H.  M.  Chance,  M.D.  Transact  ion*  of  the  American  Institute  of  Mining 
Engineer*,  VoL  X*T  27P<  144-162. 
The  author  criticises  former  estimates,  which  he  shows  to  have  been  much  exag- 
gerated, and.  confining  himself  to  easily  accessible  coal  of  good  quality  contained  in 
beds  thick  enough  for  remunerative  mining,  he  calculates  the  quantity  remaining  (at 
1,600  tons  per  foot  per  acre)  to  be  33  547.200,000  tons,  and  the  area  of  the  field  to  be 
about  9XJO0  square  miles.  The  details  for  each  seam  and  for  each  county  are  given, 
and  tallies  of  probable  future  production  estimated  on  a  ba?is  of  h  h  m  K  m  t<,n«  worked 
in  1880.  J.  II.  M. 


ANALYSES  OF  NEW  ZEALAND  COALS. 

By  William  Sebf,  Analyst  to  the  Geological  Survey  of  AV*>  Zealand.  Colonial 
Museum  and  Geological  Survey  of  New  Zealand,  Seventeenth  Annua!  Report, 

1882,  pp.  24-28. 

This  paper  contains  analyses  of  thirteen  bituminous  and  altered  brown  cools  from 
Pictou,  the  Cheviot  Hills,  the  Malvern  Hill*.  Greymouth,  Shakespeare  Bay,  Xi^lttcaf* 
MineT  Putria,  Wharekawa,  and  Forty -mile  Both.  J,  H,  M. 


COALS  IN  MEXICO— SANTA  ROSA  DISTRICT. 

By  W.  H.  Adams,  M.E.     Tranmctiom  of  the  American  Institute  of  Miming 

Engineer*,  Vol  X,  pp.  270-273,  one  Plate. 

Very  little  is  known  of  this  coal-field,  which  extends  over  hundred*  of  miles  of 
country  along  the  Rio  Grande-  The  coal  belongs  to  the  Triaasic  formation,  ta  ami* 
anthracite  and  bituminous,  and  of  good  quality. 

The  author  is  engaged  at  the  Cedrai  Mines,  the  only  extensive  collieries  in  the 
district.    The  coal  makes  good  coke,  and  he  is  now  erecting  fifty  ovens* 

The  paper  is  illustrated  by  a  map.  J    1 J  .  V. 


MINERAL  PRODUCE  OF  NOVA  SCOTIA. 
By  Kdwix  Gilpin,  J  nr.,  A.M.,  F.G.S.,  M.hVS  C\,  Inspector  of  Mi  net.  Report*  o«  the 


Mine*  of  Nova  Scotia,  1881  and  1882.  p.  1. 

1880. 
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J,  H*  V. 


THE  INFLUENCE  OF  A  LOW  BAROMETER  UPON  TEE  GEYSER  AT 

MONTROND. 

Influence  det  baixxe*  baromftrique*  *ur  Its  eruption*  de  gat  ei  cTean  am  geutrr  dn 
Alontrond  (Loire).  Note  de  M.  F.  Lau«.  Cotnpte*  Rendu* t  Tom*  XCVT* 
14/A  May*  1883.  pp.  1.426-1,428. 

M.  Laur  ha*  been  making  experiments  upon  this  geyser  since  April,  18&2*  wlisch 
show  that  it  is  affected  by  atmospheric  disturbances,  marking  changvt  too  delicate 
even  to  ta  detected  by  means  of  the  barometer . 

He  considers  that  all  geysers,  volcanic  eruptions,  and  the  discharge  of  gases  lot* 
mine*  are  subject  to  tlii-  influence;  and  lie  point*  out  that  four  colliery  exrUassosu 
liupfiened  during  a  period  of  utuio*pherie  disturbance  (13th  April  to  1st  May,  LB82), 
which  un*  nl  .»  m  -cnmjutiiicd  hv  three  eruptions  of  ibe  g< •}  J.  IL  M. 
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Abel's  dynamite  shells,  57. 

Abstracts  of  Foreign  Papers,  end  of  volume. 

Accidents:  Mining,  in  Prussia,  abs.  23. 

— Abstracts   from   Mi  ill's  Inspectors* 

Reports,  1851-81,  app,  1. 
Accounts,  xvi. 

Action  of  xinc  in  boilers,  abs.  10. 
Advance  in  mining  and  metallurgical  art, 
iOtfmOq,  and  industry,  Mince  1875,  abs.  33. 
Advertisement,  xv. 

Africa.  South  ;  diamond  fields  of,  abs.  5, 
Air;  atmospheric  impact,  from  explosions, 
197* 

Air;  chemical  analysis  of  return  air  of 
collieries  in  Saxony,  aba,  25. 

A ir-currents,  effective  area  of,  ah-.  IS. 

Air- receiver  at  By  hope,  179. 

Alois,  P&GFESaORj  On  internal  *  tress  in 
cylindrical  and  spherical  dams,  201. 

Almadcu;  distilling  apparatus  at,  aba.  50. 

Alps ;  perforatum  of  the,  abs.  38. 

Alum  shale,  llo»cdnlc  Abbey  district,  52. 

America;  Ventilation  of  the  St.  Louis 
Tunnel,  abs.  63. 

American  coal,  iron.  Ac,  1871-80,  abs.  33. 

American  Institute  of  Mining  Engineers  - 
President's  Address,  abs.  tf3. 

Ammonia  from  coke-oven  gases,  abn,  44. 

A>  m.vsls:  Gault  clay  and  grey  chalk, 
Dover,  4. — Ironstone,  various  districts, 
47.—  Ironstone,  Cleveland  main  seam, 
49. — Limestone,  Deepdalc  beds,  50. — 
Cobaltitc  from  Rajpntarm,  abs.  1. — 
Soekaboemi  coal,  abs.  2. — Residuum  of 
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of  collieries  in  Saxony,  abs.  25.  —  Various 
fi-nds  IW  horses,  fifi.  -Indian  coal,  152. 
—Oats,  156. 

Ami-mia,  miners',  abs.  52. 
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Angers  ;  shite -mini  up  at,  abs.  45. 

Anzin  coal-sUiths,  abs.  82. 

Api'AitATl  s :  For  analysing  fire-damp, 
abs,  6, — Tappings  nf  metal,  Thomas- 
Gilchrist  process,  nlw,  10.— Coal  clean- 
ing, abs,  4k  —  Used  for  experiments  in 
connection  with  busier  explosions  ;  plate 
29.— Distilling,  at  quicksilver  mine,  at 
Almaden,  abs.  50. 

Application  of  artificial  ventilation  in  the 
Mont  Cen is  Tunnel,  abs,  39. 

Associate  members,  xxxvih 

An  bin  coal-field,  abs.  53. 

Austria;  mining  production,  1881,  abs.  73. 
— Mining  industry,  1881,  abs.  75. 
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11 B  A u Mo xt,  Colon  at ;  Compressed  air 
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Bcssegea  collieries,  abs,  53, 
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coke  to,  abs.  82. 

Binn,  W.  J.;  On  coverings  for  boilers. 
(See  Comparative  efficiency  of.  &c.) 

Blauxy  mines;  transmission  of  power  by 
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Bohemia,  North ;  lignite  mines  of,  abs.  29, 
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Bailors;  coverings  for,   (See  Compa  entire 

efficiency  of  kc.) 
Boilers;  On  explosions  of,  by  R.  B,  Marten* 

(See  Explosions  of  boiler*,  <le.) 
lforcr,  KoturyT  abi.  66, 
Boring1  Machine;  Beaumont  and  English's, 

6,  and  plate  5,-Dru'*,  aba.  67* 
Boring*;  chronological  review  of  a  number 

of,  aba.  76. 
Borneo  j  Chinese  gold  in,  aba.  2, 
Bowtker's  I  mitlllftug  Fan,  discussed,  24, 

116. 

Brake,  Wenger's;  compressed-air,  aba.  56. 
Briquette  manufactory,  Westphalia,  abs, 
63. 

Knows,  M.  W\;  Translation  of  Mr,  K. 
Mallard's   remarks  on   Mr.  Lindsay 

Wood's  experiments  show hipr  the  pres- 
sure of  pas  in  the  solid  conl,  123. 
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Camphnusen  shafts  of  the  Dudweiler 
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Cartridges;  lime,  57. 

Cemcii t  atones ;  Itosedale  Abbey  di st riet,  52, 

Centring  suspended,  aba,  81. 

Channel  tunnel,  The,  by  Charles  Tylden- 
Wright,  3.— General  description,  3,— 
Geological  formation,  4.— Description  of 
boring  machine.  6. — Haulage,  7. — Com- 
pressed air  locomotives,  8. —  Ventilation, 
14. 

Plates, — 1*  Section  of  cliffs  from 
Folkestone  to  St*  MurgareCs. — 2,  Plan 
of  the  Channel  between  Dover  and 
Calais. — 3.  Section  of  strata  under  the 
Channel.— i.  .Section  of  cliffs  from 
Calais  to  St.  Pol,— 5,  Beaumont  and 
English's  boring  machine, — 6*  Beau* 
mont's  air  locomotive. 
Channel  tunnel;  visit  to  the  works  of  the, 
55, 

Charter;  copy  of,  xlv\ 
Chemical  analysis  of  the  return  air  of 
collieries  in  Saxony,  alts.  25. 
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Chili ;  copper  of,  aha,  51. 
Chinese  gold  In  Borneo,  aba.  2, 
Classifier;  Thirion,  abs.  51. 
Cleveland  ironstone,  limestone,  Jccv,  47*< 

— Dependent  ou  the  Durham  cool -tie 

139. 

Climatic  conditions  of  the  Zwickau  o 
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Coal:  Ilnsedalc  Abbey  district,  52. 
Indian ;  output  of,* 1978,  aba.  3, — Pn 
duced  by  Prussia  in  1681,  aba,  26,- 
Stati  sties,  produce,  kc»  various  conn  trie 
1S70>81,  abs.  31. — American  jctmIop 
&c,  1871-80,  abs.  33.— Statistic*  frm 
the  Mines  Inspectors'  report*,  1851-89 
app.  1. — Production  of  In  the  Unite 
Kingdom,  app,  13. — Analysis  of  Ne1 
Zealand,  abs.  Si. 

Coal;  duration  of  In  Great  Britain  an 
Ireland.    (See  Duration  of  &c) 

Coal ;  pressure  of  gas  in,  remarks  by  K 
E.  Mallard  on  Mr.  Lindsay  Wood 
experiments,  123. 

Coal-cleaning  apparatus  at  the  Bhesc 
preussen  colliery,  abs.  n 

Coax  pihlds:  The  Hockaboemi*  aba.  I.- 
Pyrenees, abs.  4.— Gard.  map  of.  aba.  I 
— Great  UriUun  and  Ireland,  dnratk 
of,  135 Daltongatij,  140* —  Belgian 
abs.  2S.~  Mure,  aba  29.— Aubin,  abs,  & 
— Cumberland,  319. —  Peun* y\  vania,  aJ 
83.— Mexico,  abs.  84 
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Colb,  VV.  K ;  Nomination  to  fill  vacancy 
caused  by  the  death  of,  1. — Scrutineers 
appointed,  59. 

Colliery  horse*.  (See  Feeding  and  Man- 
agement of.) 

Com  be  red  i  uide  ventilator,  abs.  5-1. 

Commission  on  dynamite  stores;  report  of, 
abs.  18, 

Comparative  efficiency  of  non-conducting 
coverings  for  boilers  and  steam -pi pes, 
by  W.  J.  Bird  (second  ]>apcr),  35,— 
Tables  of  experiments,  ifce.,  37. — Results, 
cost,  ike,  11.—  Discussed,  175, 

Compressed -air  brake;  Wm^r's,  ab-s.  5o\ 

Compressed-air  locomotive*;  Col.  Dcau- 
raont*s,  8,  55, — Lishmau  and  Young's, 
and  Muckaiskis,  !J.  Kcsults  uf  trials 
in  London,  It), 

Compresser,  wet,  with  parabolic  column*, 
abs,  83. 

Contents  of  volume,  hi. 

Cupper  of  Chili,  abs.  51. 

Coquillon's  apparatus  for  analysing  fire- 
damp, abs.  6. — Grisou  meter,  abs,  44, 

Cobdett,  V.  W.j  Observations  taken  at 
Seaham  colliery  after  the  explosion. 
(See  Water-gange,  Barometer,  Ac.) 

Council  report,  % 

Cumberland  coal -Held,  (See  Structure 
of  kc.) 

Daltongnnj  coal-field,  by  J.  H,  Grant,  149. 
— Area,  general  appearance,  principal 
rivers,  strata,  150, — Sections  of  bore- 
holes, 151. — Analyses  of  coal,  152. — 
Quantity  of  coal  available,  quantity 
raised  between  the  years  1859  and  1862, 
1 53 ,  —  Di  sen  ssed ,  1 51. 

Plate. — 13.   Geological  map  of  the 
district. 

Dams;  on  internal  stress  in  cylindrical  and 
spherical  dams,  by  Professor  Aldis,  201. 

Diamond  fields  of  South  Africa,  abs.  5. 

Distilling  up]  meat  tig  in  use  at  the  quick- 
silver mine  at  Aluiaden,  abs.  50. 

Drilling  machines,  abs,  43. 

Dru's  percussion  boring  machine,  abs.  67, 


Duration  of  the  coal  of  Great  Britain  and 
Ireland,  by  G.  C.  Greenwell,  135 .— Line 
of  argument  which  has  hi t he rLo appeared 
upon  the  "  coal  question,"  inapplicable, 
135.— Production,  1860-80.— Esti- 
mated production,  &e„  1890-1910,  I3t>. 
— Cleveland  ironstone  dependent  on  the 
Durham  cnnl-ticM,  130.  —  Estimated 
quantity  of  coal  in  seams  of  12  inches 
thick  and  upwards  remaining  to  he 
worked  at  January  1st,  187 1,  111. — 
Tables  giving  the  number  of  persons 
employed  in  the  coal-mines  of  each 
inspection  district  of  Great  Britain 
and  Ireland  and  the  quantities  raised, 
142, — Number  of  persons  employed  in 
the  coal-mines  of  Great  Britain  and 
Ireland  in  each  year,  1*70-1882, 147-— 
Estimated  years  of  life  ol  eoul  in  the 
various  districts,  147. 

Dynamite,  Ac.  abs.  82. 

Dynamite  shells;  Abel's,  G7- 

Dynamite  stores j  rc|)ort  of  commission  on> 
oh*.  18, 

Effective  area  of  air- currents,  abs.  18. 
Election  of  members,  1,  59,  133,  179,  21  ."j, 
3G9. 

Electric  bell;  MueseWs  safety *Ump» 
abs.  62. 

Electric  gin,  Peroimiere  colliery,  abs,  14, 
Electricity ;  transmission  of  power  at  the 
Blauzy  miuea,  abs.  13. — Transmission  of 
jKwer  by  an  ordinary  telegraph  wire,  28. 
English  coal  and  coke  imported  to  Bilbao, 
abs.  82. 

English  coal-fields ;  visit  to  the,  abs.  GS. 
Experimental  notes  on  the  Otto  gas*eiiginc, 
abs.  54. 

ExCKUiuiUiTei:  Compressed -air  loeuino- 
.  tives.  10,  —  Howlker  s  fan,  2(J. — Cover* 
ings  for  boilers,  ic.p  35.— Safety  -lamps, 
ah*.  17. — Comparison  "f  work  done  by 
fans  in  Saxony,  abs.  21. — Strength  of 
wrought-iron  iu  compression,  18U.  - 
Roller  ex plo&iot is,  197.— At  Seahaiu  Col- 
liery after  the  explosion,  22o. 


Experiments  showing  the  pressure  of 
gas  in  the  solid  coal,  by  Lindsay  Wood, 
Remarks  on,  bj  K.  Mallard,  123*— Mr, 
Wood'i  paper  discussed,  311. 

Explosions:  Seal  mm  and  Pouygraig; 
notes  ou,  abs.  6.  —  tfcaham,  223, — 
Prussia,  1861-1881,  abs.  75. 

Explosions  of  boilers  and  other  vessels,  by 
E.  13.  Marten,  191.— -Mode  of  illustration, 
191*— As  to  the  cause*  of  explosions, 
193.— Experimental  explosions,  197. — 
Mysterious  theories  of  boiler  explosions, 
199,— IKscussed,  200,  216, 

Plates.  21,  25,  26,  28,  Drawings  of 
fragments  of  exploded  boilers,  &c, — 27. 
Sketches  showing  atmospheric  impact 
from  explosions, — 29.  Sketches  of  ap- 
paratus used  to  experiments. 

Explosions;  velocity  of  propagation  of, 
abs,  12,— Prevention  of  fire-damp,  aba. 
28, 

Explosives,  abs.  16.— Results  of  employ- 
ment of  new,  iu  Germany,  abs,  47. — 
Abstracts  from  Mines  Inspectors'  Re- 
ports, app.  1, 

Feeding  and  management  of  colliery 
horses,  by  Charles  Hunting,  61.— Selec- 
tion of  food,  amount  of  work,  61. — 
Selection  of  horses  and  ponies  for 
"putting"  work,  62.  —  Over* working, 
condition,  63,  —Selection  of  food,  64, 
— Composition  of  animal  and  vegetable 
bodies,  64. — Constituents  of  various 
kind-  of  food,  66.— Banting  system,  67. 
— Oats,  oatmeal  husk.  68.— Beans,  Ac, 
69. — Table  showing  the  weight  of  husk 
in  varionj  grains.  72,— Foreign  oats, 
kiln  dried  oats,  73. — Maize.  75,— Colic, 
76.— Barley,  77.  —  Bran,  hay,  78,— 
Green  food,  80.  —  tt rooming,  perspiring, 
ttt— Green  food  in  pits,  83.— Mixed 
FimkI,  &  I.— Fluctuations  in  the  price  of 
provender,  Ho.  Cutting  mid  bmWtug, 
86.— Times  of  feeding,  wa*te,  87.— 
Horse  keepers,  88.— Total  saving  hi  co*i 
of  feeding  at  several  collieries  hi  1HMI, 


and  over  a  number   of  yearn, 
l>eterii  mil  ion  of  pit  horses,  91,  —Ts 
showing  the  number  and  cost  »»f  Imn 
and  ponies  for  21  years  at  South  Sell 
and   Murton  collieries,  92. — Averaj 
length  of  life  of  bones  and 
several  collieries  in  Nortliutnbariai 
and  Durham,  —  Underground 
91, — Cost  per  stall  of  a  pit  sti 
designed  by  Mr.  Wight,  96,— Work. 
— Over  or  under-horsing,  103. — Hon 
bought,  sold,  4-c,  at  Back  worth  i 
West  Cramlington  during  12  years,  1 
— Appendix,  showing  the  difference 
cost  iu  favour  of  mixed  food  at  a  nun 
her  of  collieries,  107.  —Disc  aaaed.  1 
151.— Further  particulars  by  Mr.  Han 
ingt  164, 

Plate  12.  —  Plan  of  a  pit  etaU 
designed  by  Mr.  Wight 
Ferruginous  bed's   associated   with  th 
basaltic  rocks  of  North  •eastern  tTtste 

abs.  1. 

Finance  Committee's  Report,  viL 
Fi re-damp ;  apparatus  for  analysing,  abs. 
— Prevention  of  explosions  of,  aha,  28,- 
Kx  plosions  in  Prussia,  1861-1881,  aha. 7 
Fire-damp  Commission,  Prussia,  aha,  64» 
Fire -damp  consuming  lamp,  aba.  44. 
Foreign  papers,  abstracts  of,  end  of 
Forms,  Iviii, 

Fossils;  Hut  ton  collection,  179. 

France;   mineral  upring   in  the 
measures  of  the  south  of,  aha,  4.  - 
Mineral  ttatUties,  1880,  aba.  36. 

Frnutx's  keps,  aba,  43. 

Freestone  i  Koscdale  Abbey  district,  ftl 

French  collieries ;  profits  of,  iu  1989,  a 
39. 

Pre  udeu  berg's  smoke 

Uaticie;  petroleum  and  osokerite  of,  »W 
Hard  coal-field  j  industrial  nap  of, 
Gas;  remarks  on  Mr,  Lindsay 

experiments,  by  Mr.  K.  Mallard. 

Mr.  Wood**  l«}*er  disemvaed,  3 
4la«  engine.  Otto  j  note*  on,  aba, 
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General  statement  of  accounts,  xx. 

German  petroleum  wells,  aba.  f>0. 

(uinnauv;  rusnUs  «f  employment  of  new 
explosives,  abs.  47, — Mining,  smelting, 
ic,  1381,  aba.  til. 

Geyser  at  Mouinodi  Iwirometer,  abs.  84. 

Goltl  (Chinese)  in  Borneo,  abs.  2. 

Grand  Duchy  of  Hesse;  mining  production, 
1881-82,  abs.  74. 

Guant,  J*  H.;  On  the  Dultouganj  coal- 
field, 149. 

OMEN  well,  G.  C;  On  the  duration  of 
the  coal  of  Great  Itrir.iin  and  Ireland. 
{Sec  Duration  of,  Ac.) 

Ghk.sley,  W,  S.  j  On  working  coal  at 
Moira.    {.See  Two  zyxtentx  oft  ic.) 

Urisou  meter,  Coquillon's,  abs.  44. 

Hauluge;  colliery  near  Saarbriiekeu,  abs. 

Hut  ton  collection  of  fossils,  179* 
Honorary  members,  xxii. 
Horses  tSee  Feeding  and  Management  of)* 
Hfktivo,  C;  On  the  feeding  and  manage- 
ment uf  colliery  horses,  61. 

Improvements  in  mining  machinery  in 
Prussia  ilt t ring  the  year  18H1,  ah*.  42. 

Indian  coal;  output  of,  1878,  aba.  3; 
Dal  tonga  u  j  coal-field,  149, 

Indian  lateritc,  abs.  1 

Industrial  legislation,  abs.  11. 

Industrial  map  of  the  Gnrd  coal- field, 
abs.  11. 

Inspectors'  reports;  abstracts  from,  1851  - 
81 ,  app.  1. 

Internal  stress  in  cylindrical  and  spherical 
dams,  by  Professor  Aldis,  201. — Dis- 
cussed, 221. 

(i  Invicta,"  engines  of  the,  13. 

Iron,  produce,  Ac;  various  countries, 
1870-81,  aba.  31. -American,  1871-80, 
abs.  84. — Notes  on  the  strength  of,  by 
Mr.  Wighaw  Richardson,  180. 

Ironstone;  ltoAedale  Abbey  district,  43; 
Abstracts  from  Mines  Inspectors'  Re- 
ports, app.  1. 


Italy  |  mining  industries  of,  abs.  37* 
Jet;  Koserialc  Abbey  district,  52. 

Ke.vdall,  J,  D.;  Ou  the  structure  of  the 
Cumberland  coal  field.  (See  Structure 
of*  Ac.) 

Kens,  Front* 's,  ftbs.  43.— Rosetik ratios, 
abs  43. 

Kibkaldy,  David;  Ou  the  strength  of 

iron,  180. 
Kloht's  new  plan i meter,  abs,  71. 
Koepe  system  of  winding,  al?3.  43. 
Ktirner's  fire-damp  consuming  lamp,  ubs. 

44. 

Krupp  process;  steel,  abs.  34, 

Laterite;  Indian,  ab*.  1. 

Lead;  Rosedale  Abbey  district,  53. 

Lead  production,  1881,  abs.  62. 

Lead  and  silver  smelting  works;  sinoko 

condenser  for,  abs.  58. 
Leicestershire;  coal  working  at  Moira. 

(See  Two  *t/*temx  of  Ac.) 
Levelling  instrument;  Wagner's,  abs.  74. 
Lc vet's  wedge,  abs.  42. 
Li udell,  G.  H.;  On  the  Whiteharen 

collieries,  363. 
Life  members,  xxii. 

Lignite  mines  of  the  North  uf  Bohemia, 
abs.  29. 

Lime  cartridges ;  Smith's.  57. 

Limestone ;  Cleveland,  49. 

Lishtuan  and  Young's  cum  pressed -air  loco- 

motives,  9. 
Log  A  >\  W  l  L  li  a  si  ;  He  mark  s  on  the  feed  ing 

and  management  of  colliery  horses  15*>- 

Mackarski's  compressed-air  locomotive,  9, 

Mallard,  E.;  Hemarks  on  Mr.  Lindsay 
Wood's  experiments  showing  the  pres- 
sure of  gas  in  the  solid  coal,  123. 

Management  of  colliery  horses.  (Sec 
Feeding  and  management \  Ac.) 

Marsaut  safety  dump,  abs.  If*. 

Mabtex,  K.  B. ;  On  explosions  of  boilers. 
(See  Ejtptotion*  of  boiUn,  Ac.) 

Measuring  the  depths  of  working  shafts, 
abs.  67- 
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Members:  Honorary,  xiii. — Life,  x*h\ — 
Original,  x*iv. — Ordinary,  xxxvi.— Amo- 
ciate,  ixaviL— Students,  xl— Collieries, 
Ac,  xliv. 
Mexico;  coals,  abs.  84. 
Mineral  resources  of  the  Rosedalc  Abbey 
district,  by  Charles  Parkin,  43.— Iron* 
stone,  description  of  pa*t  operations,  43. 
— Output  from  the  Roscdalc  mine*  frum 
1859  to  1&S1.  44.—  I^sent  and  future 
development,  '15. — Analyses  of  ore  from 
various  districts,  47 — Cost  of  railway 
carriage,  48* — Analyses  of  ore  from  the 
Cleveland  main  seam. — Limestone,  49. 
— Analyse*  <  f  Uim^t"ik'  from  the  Deep- 
dale  beds. —  Cost  of  railway  carriage.— 
Rood  metal  (inferior  limcstoue).  50, 
— Section  of  strata  at  Spindlethonte 
quarries.  —  Free*touc,  51*  —  Cement 
stones.— Alum  shale,  jet,  and  clays. — 
Coal  and  peat,  52 —  Lead,  53. 

Pinter — 8<  District  map,  sotith-west 
of  Itoscdalc.    9.    District  map,  Rose- 
dale  and  north -east  district — 10,  Rose- 
cast  mines. — 11.    Section  of  lime- 
quarry  at  Pickering,  and  section 
of  rund -metal  quarry  at  ttyhidlethornc. 
Mineral  apring  in  the  coal- mens u res  of 

the  South  of  France,  at**,  I. 
Mineral  statistics;  Portugal,  1800-76,  abs. 

9.-- France,  1880,  abs.  36* 
M  i  noral  wealt  Uof  New  South  Wales,  aba.  W, 
Miuend  and  metallurgical  statistics  of 

Spain,  1871-75,  abs,  7* 
Mineral  and  «  melting  works,  production  of 
the  tier  man  Kmpire  during  1HH1,  aba, 

61. 

Miner**  amnion,  abs.  52. 
Mines ;  vibrations  of  »tinta  in,  aba.  60. 
Mine*;  wiirking  of  the  Prussian,  15*81* 
aba.  08. 

Mines  Inspectors'  Report*;  abatracU from, 

18&l-8l,app*l. 
Mining  accident*  in  Prmwia,  ab«.  23. 
Mining  industries  of  Italy,  abs  37. 
Mining  industry,  4cc,  of  Prussia,  1881, 

abs.  70, 


Mining  machinery  in  Prussia.;  iin; 

menta  in,  aba.  42, 
Mining  records;  note*  on,  aim  3. 
Mining  statistic*  of  Spain,  1880,  aba.  401 
Mining,  smelting:,  *nd  salt  production  c 

Bavaria,  1881,  aba.  58* 
Mining  and  metallurgical  art  Ac;  ad  vane 

in,  since  1675,  ab<,  33. 
Mi nra,  coal  working  at.  (Soo  2Vo  an 

Ac.) 

Mont  CcnU  tunnel ;  ventilation  of,  aha. 
Mokisox,  D.  P.;  On  Bowlkor**  ven 

fan,  29,  and  plate  7. 
Mount  Viso  tunnel,  abs.  13, 
Mueseler  safety- lamp,  with  electric  hm 

abs.  02. 
Mure  coal-field,  abs.  29. 

New  Sonth  Wales ;  mineral  wcaltli  of,  afcaa 

83. 

New  Zealand  coal,  aba,  81, 
Nomination  of  members;  forma  for,  Ivisj 
Non-conducting  covering*  for  boiler* 

steam  pipes,     (See  Comparative  rffl 

flaVaWjf  oft  Ac.) 
Nova  Scotia ;  mineral  produce  of,  alas.  & 

Observations  taken  at  Soaltaui  CnlUc 
(See  Wattr-gvvpty  Barometer,  Ac) 

Officers,  xstfl. 

Oil  industry  of  iMhciin,  aba, 
Oihsludca ;  Antuu,  abs*  6. 
Ordinary  member*,  attvi. 
Original  members,  xjdv. 
Otto  ga»  engine;  note*  on,  aba.  54. 
Outburst  of  carbonic  acid  ffa*,  aba, 
ozokerite  and  petroleum  in  Keitianiflalirl 
aba.*. 


Pakkis  Cnt*i.Ke>  On  the 
sources  of  the  Rosedalc  Abbey 
(See  ifiarr*/  fiioumi,  4c) 

Patrons,  uL 

Peat;  Roaedale  Abbey  dUtriet,  A& 
iVnunyliauia;  bituuunotts  ooal-IWkla  ol 

sK.  Kt. 

Penygraig  ciploaion  ;  notes  on,  aWs.  f. 


Perforation  of  the  Alps,  alw.  38, 
Perm  o  -  car honi  To  n  j  i  w  r ook *  of  A  u 1 1 1  n ,  al  > s.  5 . 
Peronuiere  colliery;  electric  gin  at,  aba,  14. 
Petroleum  and  ozokerite  in  Eastern  (lalicia, 

abs.  3. — American  produce,  kc.t  1871-80, 

ab$.  34. 

Petroleum  wells;  Germany,  abs.  GO, 

Photometer,  a,  abs,  52. 

Plaiiiinotcr;  KhihL's  now,  abs.  7  k — Accur- 
acy of  the  equidistant  planimeter.  abs.  79. 

Portugal;  mineral  statistics  of,  1866-76, 
abs.  9, 

Prevention  of  explosions  of  fire-damp, 
aba.  28. 

Profits  of  French  collieries  in  1880.  abs.  39. 

Prussia;  mining  accidents  in,  abs.  23.— 
Mineral  production,  1881,  aba.  26,— -Im- 
provements in  mini  rig  machinery,  1881, 
abs,  42. — Working  tbe  mines  in,  1S81, 
aba,  08. —  Mining  industry,  Ac  1881, 
abs.  7t). —  Fire-damp  explosions, ■ 1861- 
1881,  abs.  75. 

Prussian  collieries;  ventilation  of,  abs.  22. 

Prussian  royal  fire-damp  commission,  abs.  4. 

Pulverizer  ;  Vapor  t 'a,  abs.  50. 

Pyrenees  ;  coal -fields  of  the,  abs.  4. 

RtLjputaiia;  cobalt  itc  and  rtanaite  from, 
aba.  1. 

Remarks  on  M r.  Lindsay  Wood's  experi- 
ments showing  the  pressure  of  gas  in 
the  solid  coal,  by  Mr.  K.  Mallard,  trans- 
lated by  Mr.  M.  Walton  Hrown,  123. 

Report  of  commission  on  dynamite  stores, 
aba.  18. 

Report  of  committee  on  mechanical  ven- 
tilators discussed,  116. 

Report  of  cuminittee  on  prizes  awarded 
for  papers,  \\[]. 

Report  of  council,  v. 

Report  of  finance  committee,  vii 

Resistance  of  tub*  to  traction,  abs.  15. 

Resistance  to  traction  on  roads  Abs,  SSL 

Result*  of  tbe  employment  of  new  explo- 
sives in  Germany,  abs.  47, 

Rheinpreusseu  eullterv  ;  ooabclenning  ap- 
juratus  -  if,  abs.  41. 


RiciunDsoy,  Wig n AST;  Note*  on  the 
strength  of  wrought  iron  in  compression, 
180. 

Rope  fastener  for  winding;  self-acting, 
abs.  65. 

Rosedaie  Abbey  district;  mineral  resources 

of,   (See  Mineral  Ittiource*,  Jfc) 
Roseukranit's  keps,  abs.  43. 
Rotary  borer,  abs.  o6. 
Royal  charter,  xlv. 
Rules,  li. 

Ryhope;  air- receiver  at,  179, 

Saarbriickeu ;  haulage  at  a  colliery  near, 
abs.  G5. — Campbauaen  shafts,  abs.  (50.  — 
Safety  -Limps  in  use  at  the  Royal  col- 
lieries, abs.  80. 

Safety-lamp;  Marsaut,  abs.  16, —  Fire- 
damp  consuming,  abs.  44. — Spirit  lamps, 
abs.  44.— Miieseler,  with  electric  bell, 
abs,  62.— In  use  at  the  Hoyal  collieries 
at  Soarhrucken,  abs.  80, 

Safety-valve ;  a  new,  abs.  57. 

Salt  production  of  Bavaria,  1881.  abs.  53. 
—Prussia,  1851,  aba.  71. 

Sands;  sinking  through,  abs.  51 , 

Saxony ;  comparison  of  work  done  by  fans 
in,  abs,  21. — Chemical  analyses  of  the  re- 
turn air  of  collieries,  abs.  25. — Climatic 
conditions  of  the  Zwickau  collieries 
abs.  41.  —  Camphauseii  shafts  of  tbe 
Dudweiler- Jagersf  reude  colliery ,  abs, 66. 

Scrutineers  appointed,  59,  369. 

Scuba m  colliery ;  observations  taken  at. 
(See  Water-gauge,  Barometer,  Ac.) 

Seaham  explosion;  notes  on,  abs.  fi. 

Sections  :  Cliffs,  Folkstone  to  St.  Mar- 
garet's, plate  1. —  Strata  under  the 
English  Channel,  plate  3.- -Cliffs  from 
Calais  to  SL  Pulr  plate  4. — Strata  at 
Spit  idle  thornc  quarries,  51,  and  plate  11. 
—Limestone  quarry  at  Pickering,  plate 
11. —  Boreholes,  Daltonganj  coal-field, 
151* —  Leicestershire  coal-field,  plates 
14,  15,  10,  19,  22,  23,-Cumberlaml 
coal-field,  323-342,  and  plates  33-3*1. 

Seine;  eaiuilization  of,  abs.  1 1 
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Self- acting  rope  fastener  for  winding, 
aba.  65. 

Shaft-borings;  review  of  *  number  of, 
abs.  76. 

Shafts ;  measuring  the  depths  of  working, 
alw.  67. 

8 belli) ;  Abel's  dynamite,  57* 

Sinking  through  running  sand*,  abs.  61, 

Slate-mining  at  Angers,  ab*.  45. 

Smelting  ;  Havana,  aba.  58, — Germany, 
abs.  61. 

Smith's  lime  cartridges,  57* 

Smoke  condenser  for  load  and  silver  smelt- 
ing works,  alis.  58. 

Smyth,  WarisotoNj  VV.j  On  the  Channel 
tunnel,  21. 

Soekaboemi  cool- Held,  abs*  2. 

Spain;  mineral  and  metallurgical  statistics 
of,  1871-75,  abs.  7. — Milling  statistics, 
1880,  abs.  49. 

Statistics  :  Mineral  and  metallurgical, 
Spain,  abs.  7  —  Mineral,  Portugal,  abs. 
9. — Duration  of  the  coal- fields  of  Great 
Britain  and  Ireland,  135. — Coal,  iron, 
Ac,  various  countries,  1870  81,  abs. 
31.— American  coal,  iron,  steel,  Ac, 
abs.  33.—  French,  1880,  abs.  36.— 
Profits  of  French  collieries  in  1880, 
abs.  39. — Production  ef  dates  at  Angers, 
ahs.  46. — Abstracts  from  Mines  Inspec- 
tors* reports.  1851-81,  app.  1. — Pro- 
duction of  coal  in  the  United  Kingdom, 
app.  13. — Mining  in  Spain,  1880,  abs. 
■10. — Copper  of  Chili,  ubs.  51. —  Ravarla, 
salt,  Ac.,  abs.  68— Germany,  mining 
and  smelting,  1881,  ahs.  f>l.~  Prod  no- 
tion of  lead,  1881,  abs.  62.— Prussian 
mine*,  1881,  abs.  68,70, 

Steel  j  produce,  &c,  various  countries, 
1870-81,  abs .  32.— American,  abs.  3  ! 

St.  Ktienne;  prices  of  coal  and  coke  at, 
abs.  12. 

St.  Hot-hard  tunnel  works,  abw.  38. 
St.  Louis  tunnel :  ventilation  of,  abs.  63. 
Strata ;  vibration  of,  in  mines,  abs.  (JO. 
Structure  of  the  Cumberland  coal-Held,  by 
J.   II.  Kendall,    Position  ami  extent. 


relation  to  other  formation*,  8SQl- 
Strati graphical  conformation,  321 
Local  names  of  argillaceous  and  rittoi 
ous  rocks,  322.— Section*  of  Hi 
at  various  pita,  Ac,  323-339 
parison  of  sections,  correlation  of 
kc.,  340-316.— Sections  of  scant** 
Thickness  of  strata,  347- — Coal 
348. — Faults,  35 L— Dip  of 
—  Kffccts  of  faulting,  tilting,  said  i 
datton,  -Sub  perm ian  and 

marine  extension,  355. —  Di»cus*ed 

Flat**.— 32,  Map  of  tho  Cumberlam 
coal- field.  —33,    flection*  of  sc 
34,  35,  36,    Sections  of  st  rate  at 
collieries. 
Students,  xl. 

Subscribing  collieries,  Ac,  ill*. 
Subscriptions,  xvu 
Suspended  centring,  abs,  81, 

Thirion  classifier,  abs,  51* 
Thomas-Gilchrist  process,  abs.  1 0. 
Traction  ;  resistance  of  tubs  to,  abs.  IS. 

Resistance  to,  ou  mods,  abs.  Hi\, 
Tramway  locomotives,  10. 
Transmission  of  power  by  electricity  m 

the  Ulanxy  mines,  abs.  13. 
Treasurer's  accounts,  xviii, 
Trinidad;  c«d  and  bitumen  depotssfc  I 

abs.  55. 

Tubs ;  resistance  of,  to  traction,  ik  15. 

Tudhoe  crown  iron  j  experiments  with*  IS 

Tunnel;  Channel,  3,  55.— Mount  Vim,  abs 
13.— St,  Gotbard,  abs.  38.— Mont 
aha.  39.— St.  Louts,  aba,  63. 

Two  systems  of  working  the  mala  coal  al 
Moira,  in  Leicestersldrsv  by  W.  8,  Onss 
ley*— Description  of  the  main  coal,  IK 
-No,  I  system,  183. -No,  2 
system,  185. — Ad  vantages  derlrvd  frost 
the  new  system,  188,— Tabular 
•bowing  the  comparative  result*  of  xIm 
two  systems,  100.— Discosaed,  188,  Itt 

PiaUt.    14,    Map  and 
the  Motra  division  of  the  l*rtce*ter»hir* 
and  SjuUi  Derbyshire  «usd*tWd.— IS, 
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General  section  of  mines  of  the  coal- 
field.—16.  Section  of  the  Motra  main 
©0*3.-17,  General  plan  of  No,  1  system. 
— 18.  Enlarged  plan  showing  a  portion 
of  a  stall  as  formerly  worked,  No,  1 
system.— 19,  Section  of  stifll,  No.  1 
system.  -20.  General  plau  of  No.  2 
system.— 21,  Enlarged  plan  showing 
portion  of  a  stall  as  worked  by  No.  2 
system.— 22,  23.  Sections  of  stall.  No. 
2  system. 

Tflden  -  Weight,  Chahles;    On  the 
Channel  tunnel.  (See  Channel  tunnel,) 

Ulster;  basaltic  rocks,  &c,  abs.  L 

Vapart  pulverizer,  aha.  50. 

Velocity  df  propagation  of  ex  plosions,  abs. 

Ventilating  fun ;  Bowlker**,  discussed,  24, 

lift 

Ventilation  :  Channel  tunnel,  14. — Dis- 
■II—  cd,  16. — Effective  area  of  air-eur- 
rents,  aha.  18.  Comparison  of  work 
done  by  fans  in  Saxony,  abs.  21. — Prus- 
sian collieries,  aha.  22. — Mont  Cenia 
tunnel,  abs,  39.— St.  Louis  tunnel,  aha, 
63, 

Ventilators ;  Committee's  report  on,  dis- 
cussed, 116.— Oombereduiide,  abs.  51. 
Vibrations  of  strata  in  mine*,  abs.  60. 
Visit  to  the  coal-fields  of  England,  abs.  i>8 

Wagner's  pocket  levelling  instrument,  aba. 
74. 

Water-gauge,  barometer,  and  other  obser- 
vations taken  at  Seaham  colliery  during 
the  time  the  Maudlin  seam  was  sealed 
up,  by  V.  W.  Cor  1  let t,  22 5, — Description 
of  workings,  ventilation,  &c,  223-227. 
— Sealing  up  the  Maudlin  seam,  226. — 
Placing  of  water-gauges,  gas-check,  kc, 


227.  -  Doe«wrp*?on  of  tbe  diagram. — 
Speed  of  wind,  228,  229-— Method  of 
taking  the  observation*,  229.  — First 
comparison  between  No.  3  water-gauge 
and  No.  3  barometer, 302. — Second  com- 
parison tat.  ween  No.  2  water-gangc  and 
tbe  gas-check,  303.— Third  compariaon 
between  No,  3  water-gangc  and  the  gas- 
check,  30-4.— Fourth  comparison  between 
No,  3  barometer  and  the  gas- check,  306. 
— Remarks  on  comparisons,  308.— Con- 
cluding remarks,  310, — Discussed,  311. 

Piatt*,  —  30.  Plan  showing  tbe 
arrangement  of  slurfts,  furnaces,  drifts, 
boilers,  seams  of  coal,  *fce. — 31 .  General 
plan  of  the  workings. 

Diagram, — Showing  the  readings  of 
the  barometers,  thermometers,  water- 
gauges,  and  gas -check,  and  direction 
and  force  of  the  wind  from  November 
22, 1880,  to  June  23, 1881,  pp.  231-301. 

Watkix,  Sir  Edwahd;  On  the  Channel 
tunnel,  17. 

Wenger*a  compressed-air  brake,  abs.  5*1. 

We*tphalia;  briquette  manufactory  at, 
abs.  63. — Breakage  of  a  winding- rope 
at,  abs.  80. 

Whitehaven  collieries;  On  the,  by  G.  H. 
Liddell,  363, 

Winding;  Koepe  system,  aba.  43, 

Winding;  self-acting  rojje- fastener  fur. 
aba.  65. 

Winding- rope ;  breakage  of,  abs.  80. 

Wood,  Lixpbay  ;  Remarks  ou  bis  experi* 
meuts  showing  the  pressure  of  gas  in 
the  solid  coal,  by  E.  Mallard,  123.- 
Mr.  Wood's  paper  discussed,  311, 

Zinc;  action  of,  in  boilers,  aha.  10, 
Zwickau  collieries,  Saxony  ;  climatic  con- 
dition* of  the,  abs.  41. 
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